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ADVERTISEMENT. 



In consequence of the death of the Author, it became 
necessary to arrange for the preparation of the present 
and future editions of this work. The Publishers hope 
that the engagements into which they have entered will 
ensure to the " Elements of Chemistry" that position 
which it has hitherto enjoyed. The conduct of the work 
has been entrusted to Professor Liebig and Mr. Wilton 
G. Turner. 

The department of Inorganic Chemistry has been pre- 
pared by Mr. Turner. The description of the Imponder- 
able Agents was left nearly ready for the press by the 
Author, and the only additions necessary were the in- 
sertion of a few recent discoveries. In the remainder of 
this section, the Editor has endeavoured to effect the im- 
provements which he was aware had been contemplated by 
his brother. He has, consequently, treated of the Ele- 
ments and their Compounds, under the three heads of 
History, Preparation, and Properties. An arrangement 
which, it is hoped, will not only increase the utility of the 
work as a book of reference, but will add to the clearness 
of its descriptions. The old chapter on Crystallography 
was formed on the views of Haiiy ; it has been re-writ- 
ten, to suit the present state of the science. 



VI ADVERTISEMENT. 

The department of Organic Chemistry requires to be 
entirely re-written, owing to the many new facts which 
have been discovered since the publication of the last edi- 
tion. This Professor Liebig has kindly undertaken. In the 
volume about to be presented to the public will therefore 
be developed, for the first time, the views of this dis- 
tinguished chemist on that department of the science 
to which he has devoted his particular attention. A 
departure from the mode of publication originally an- 
nounced has consequently been occasioned. The work 
will now consist of Three Parts. Part II., containing the 
Metals and Salts, will be ready by the first week in 
November, and with Part I. will embrace that portion of 
the subject required for Lectures previous to April. Part 
III., consisting of Organic Chemistry, will be published 
early in 1838. In consequence of the arrangement 
adopted by Professor Liebig, it has become necessary to 
transfer to his section the description of several sub- 
stances formerly treated under Inorganic Chemistry. 

In a Prefece by the Editors, which will accompany the 
Third Part, will be given a more particular account of 
the changes adopted in this edition. An Appendix will 
be added, containing any discoveries that may have been 
made during the publication of the work. 

28, Upper Gower Street, 
September 7, 1837. 



PREFACE 



TO 



THE FIRST EDITION. 



The following pages comprehend a condensed view of 
the present state of Chemical Science. The chief pur- 
pose of the work is to make the Student intimately ac- 
quainted with the theory, at the same time that he is 
acquiring a knowledge of the facts, of Chemistry; sothat> 
by the establishment of fixed principles, the details may 
more easily be impressed on the memory, and excite an 
interest which they would not otherwise possess. Every 
one who is acquainted with modem Chemistry, will admit 
that the study of the Laws of Combination is fitted in a 
peculiar manner for promoting these objects ; and hence 
I have treated at length of the Atomic Theory, and the 
subjects connected with it, at an early part of the volume. 

To this arrangement, I am aware, it may be objected, 
that many of the facts adduced as illustrations must ne- 
cessarily be unknown to the beginner. I do not antici- 
pate, however, any serious inconvenience from this source ; 
on the contrary, some experience in teaching the theore- 
tical and practical details of the Science gives me reason 
to think that the disadvantages of my plan will be very 
far outweighed by its advantages. I may observe, indeed, 
that this work is chiefly designed for persons who have 
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either attended, or are attending, Lectures on Chemistry ; 
and, to such readers, the objection to which I allude does 
not apply. 

In the composition of this work, I have had recourse, 
as far as possible, to original sources of information ; but 
I have also derived much assistance from the Elements 
of Sir H. Davy, and Dr. Henry ; from the Systems of M. 
Thenard and the late Dr. Murray ; and from the System 
and First Principles of Dr. Thomson. I should also add, 
that the materials of the Small Treatise, published about 
eighteen months ago, on the Laws of Combination and 
the Atomic Theory, are, with slight modifications, incor- 
porated in the present Volume. 

This Treatise, however, is not to be viewed in the light 
of a mere compilation. In the purely practical parts of 
the Work, for example, in describing processes, in giving 
the tests for demonstrating the presence of substances, 
and in explaining the rules for conducting Chemical 
Analysis, I have in general merely stated in writing what 
I am in the habit of practising in the Laboratory. It is 
likewise proper to mention, that in detailing the experi- 
mental results obtained by other chemists, I have in 
many instances verified them by my own observation ; 
and when treating of the obscure or disputed parts of the 
Science, I have taken pains to render the former clear, 
and to distinguish in the latter what is ascertained from 
what is still undetermined. 

Edinburgh, Feb. 1, 1827. 



PREFACE 



TO 



THE FIFTH EDITION. 



In preparing a Fifth Edition of these Elements, I 
have not lost sight of the plan on which the Work was 
originally framed. Its object is still, without entering 
minutely into the details of processes and experiments, 
to present a concise and connected view of the facts and 
theories of Chemistry. It has been found impossible, so 
numerous are the cultivators of this science, and so rapid 
its progress, to avoid numerous changes and additions. 
These have necessarily been interwoven with the texture 
of the volume, and it would be useless, were it practica- 
ble, to enter into an exact enumeration of them; but it 
may be convenient to some readers that the more import- 
ant variations from former editions should be specified. 

In the first section there are but few changes, and 
those relate chiefly to Radiant Heat. In that on Lights 
a summary of the laws of reflection and refraction, agree- 
ably to the wishes of some of my pupils, has been sup- 
plied. The article on Electricity has been almost entirely 
recomposed ; and, owing to the kindness of Mr. Snow 
Harris, I have been enabled to embody many results of 
his late researches, prior to their appearance in a printed 
form before the public. I have to acknowledge a similar 
kindness in Mr. Faraday, whose discoveries in Galvanism 



nave compelled me to remodel the whole of itie fourth 
section. To procure all the facts required for that pur- 
pose, I have been obliged to delay writing the section 
on Galvanism until the other parts of the volume were 
completed. This will account for the intercalation of a 
leaf at page 154, and for the labours of Mr. Faraday not 
being referred to in other portions of the volume, which, 
though placed after the fourth section, were, in fact, 
printed some weeks earlier. 

A few changes have been made in the section on the 
Laws of Combination, where will also be found a descrip- 
tion of the mode of employing Symbc^s in Chemistry, 
I ventured in the last edition to introduce chemical 
symbols as an organ of instruction, and subsequent ex- 
perience has afforded such convincing evidence of their 
value in this point of view, that I cannot too earnestly 
urge the chemical student to employ them at an early 
period of his studies. The present state of Chemistry 
renders the use of abbreviated or symbolic language 
almost unavoidable; and the question now is, not so 
much whether they shall be used, as whether they shall 
bo generally understood. To ensure this, it is essential 
that a uniform system be adopted ; and I have hence felt 
the necessity of strictly conforming to the method intro- 
duced by Berzelius and adopted on the Continent. The 
Tables which have been given in the sections of the 
second and third parts, with the primary view of showing 
Analogies of chemical constitution, will serve the useful 
secondary purpose of supplying a guide to the employ- 
ment of symbols. By reference to them, the student 
will see the meaning of any symbols he may meet with 
in the text. 
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The large niunber of compounds which have gradually 
accumulated, possessing the aspect and general charac- 
ters of salts, and yet not composed of acids and alkalies 
in the general acceptation of these terms, have been 
arranged as separate orders of a large class of saline 
substances, which are inseparably allied by analogy of 
composition. But in associating substances naturally 
connected, I have abstained from violating any establish- 
ed usages in terminology. Changes in chemical nomen- 
clature should be attempted rather by a community of 
chemists than by an individual ; and if the labours of the 
Committee which the British Association has appointed 
for promoting uniformity in the use of symbols shall be 
attended with that success which its proposer anticipates, 
a like task in reference to chemical nomenclature may 
well be imposed on the same Committee. For the 
greater part of our knowledge of the compounds here 
referred to, we are indebted to Berzelius, and the prin- 
cipal facts concerning them are drawn from his writings. 

Owing to the activity displayed in organic analysis by 
several Continental chemists, especially by Liebig and 
Dumas, the necessary additions and changes in the Third 
Part have been very considerable. I am conscious that 
the arrangement of organic substances stands in need of 
revision ; but it is easy to trace defects in any given 
arrangement on such a subject, and very difficult to fix 
on one which shall not be liable to equal objection. 
Considering facility of consultation of far more import- 
ance to the reader than critical propriety of classification, 
I have thought it right for the present to describe organic 
compounds nearly in the same order as in former editions. 

In the Appendix will be found an interesting commu- 



Xll PREFACE. 

nication, kindly sent me by Mr. Graham, on the nature 
of certain hydrated salts and peroxides, and on phosphu- 
retted hydrogen. It likewise contains other notices 
which either reached me too late for insertion in the 
body of the work, or were accidentally omitted. 

I have again to express my thanks to Dr. Franklin 
Bache, Editor of the American Edition, for several valu- 
able suggestions. 

LoNDOK, Nov. 1, 1834. 



INTRODUCTION. 



Material substances are endowed with two kinds of proper- 
ties, physical and chemical ; and the study of the phenomena occa- 
sioned by them has given rise to two corresponding branches of 
knowledge, Natural Philosophy and Chemistry. 

The physical properties are either general or secondary. The 
general are so called because they are common to all bodies ; the 
secondary, from being observable in some substances only. Among 
the general may be enumerated extension, impenetrability, mobi- 
lity, extreme divisibility, gravitation, porosity, and indestructibility. 

Extension is the property of occupying a certain portion of space : 
a substance is said to be extended when it possesses length, breadth, 
and thickness. By impenetrability is meant that no two portions 
of matter can occupy the same space at the same moment. Every 
thing that possesses extension and impenetrability is matter. 

Matter, though susceptible of rest and motion, has no inherent 
power either of beginning to move when at rest, or of arresting its 
progress when in motion. Its indifference to either state has been 
expressed by the term vis inertia, as if it depended on some pecu- 
liar force resident in matter, whereas it arises from matter being ab- 
solutely passive, and thereby subject to the influence of every force 
which is capable of acting upon it. 

Matter is divisible to an extreme degree of minuteness. A grain 
of gold may be so extended by hammering that it will cover 60 
square inches of sur&ce, and contain two millions of visible points ; 
and the gold which covers the silver wire, used in making gold 
lace, is spread over a surface twelve times as great. A grain of 
iron, dissolved in nitro-hydrochloric acid, and mixed with 31S7 
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g INTRODUCTION. 

pints of water, will be diffused throagh the whole mass : hv means 
of the feiTO-cyannret of potassium, which strikes an uniform blue 
tint, some portion of iron may be detected in every part of the li- 
quid. The grain of iron is hence inferred to have been divided into 
rather more than S4 millions of parts ; and if the dilution were car- 
ried still further, the diffusion of iron through the whole liquid 
might be proved by concentrating any portion of it by evaporation, 
and detecting the metal by its appropriate tests. 

A keen controversy existed at one time concerning the divisibility 
of matter, some philosophers affirming it to be infinitely divisible, 
while others maintained an opposite opinion. Owing to the imper- 
fection of our senses the question cannot be determined by direct 
experiment, because matter certainly continues to be divisible long 
after it has ceased to be an object of sense. The decision, if effected 
at all, can only be accomplished indirectly, as an inference from 
other phenomena. In fevour of the former view it was urged, on 
mathematical grounds, that a surface admits of division without 
limit ; and that to whatever degree mattej: is divided, it may still 
be conceived, in possessing extension and surface, to be susceptible 
of still further division. Plausible, however, as this mode of rea- 
soning may appear, the opposite opinion is daily becoming more 
general. It is now commonly believed that matter consists of ul- 
timate particles or molecules, which may indeed be conceived to 
be divisible, but which by hypothesis are assumed to be infinitely 
hard and impenetrable, and on that account to be incapable of di^ 
vision. These ultimate particles have received the appellation of 
atomsj (from the privative a and rsfLViiv to cut,) as expressive of 
their nature. The argimients adduced in support of this opinion 
are principally drawn from the phenomena of chemistry, and from 
the relations which have been observed to exist between the compo- 
sition and form of crystallized bodies. These subjects will be con- 
sidered hereafbeif : it will now suffice to state, in order to show the 
nature of the argument, that the supposed existence of atoms ac- 
counts for numerous facts, which cannot be satisfactorily explained 
on any other principle. 

All bodies descend in straight lines towards the centre of the 
earth, when left at liberty at a distance from its surface. The power 
which produces this effect is termed gravity^ attraction of gravt-r 
tattoUf or terrestrial attraction ; and the force required to separate 
a body from the surface of the earth, or prevent it from descending 
towards it, is^Ued its weight. Every: particle of matter is equally 
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affected by gravity ; and thierefore the weight of any body will 
be proportionate to the number of ponderable particles which it 
contains. 

The minute particles of which bodies consist, are disposed in such 
a manner as to leave certain intervals or spaces between them, and 
this arrangement is called porosity. These interstices may some- 
times be seen by the naked eye, and frequently by the aid of 
glasses ; but were they wholly invisible, it would still be certain 
that they exist. All substances, even the most compact, may be 
diminished in bulk either by mechanical force or a reduction of tem- 
perature. It hence follows that their particles must touch each 
other at a very few points only, if at all ; for if their contact were 
so perfect as to leave no interstitial spaces, then would it be im- 
possible to diminish the dimensions of a body, because matter is 
incompressible and cannot yield. — When therefore a body expands, 
the distance between its particles is increased; and, conversely, 
when it contracts or diminishes in size, its particles approach each 
other. 

By indestructibility is meant, that, according to the present laws 
of nature, matter never ceases to exist. This statement seems at 
first view contrary to fact. Water and volatile substances are dis- 
sipated by heat, and lost ; coals and wood are consumed in the fire, 
and disappear. But in these and all similar phenomena not a par- 
ticle of matter is annihilated. The apparent destruction is owing 
merely to a change of form or composition ; for the same material 
particles, after having undergone any number of such changes, may 
still be proved to possess the characteristic properties of matter. 

The secondary properties of matter are opacity, transparency, 
softness, hardness, elasticity, colour, density, solidity, fluidity, and 
others of a like nature. Several of these properties, especially 
those last specified, depend oh the relative intensity of two opposite 
forces— rcohesion and repulsion. It is inferred, from the divisibi- 
lity of matter, that the substance of solids and liquids is made up 
of an infinity of minute particles adhering together so as to consti- 
tute larger masses ; and that the mutual adhesion of these particles 
is owing to a power of reciprocal attraction. This force is called 
cohesion, cohesive attraction, or the attraction of aggregation, in 
order to distinguish it from terrestrial attraction. Gravity is ex- 
erted between different masses of matter, and acts at sensible and 
feequently at very great distances ; while cohesion exerts its influ- 
ence only at insensible and infinitely small distances. It enables 
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similar molecules to cohere, and tends to keep them in that con- 
dition. It is beat exemplified by the force required to separate 
a hard body, such as iron or marble, into smaller fragments ; or 
by the weight which twine or metallic wire will support without 
breaking. 

The tendency of cohesion is manifestly to bring the ultimate 
particles of bodies into immediate contact ; and such would be the 
result of its influence, were it not counteracted by an opposing 
force, a principle of repulsion, which prevents their approximation. 
It is a general opinion among philosophers, Btipported by very 
strong facts, that this repulsion is owing to the agency of heat, 
which is somehow attached to the elementary molecules of matter, 
causing them to repel one another. Material substances are there- 
fore subject to the action of two contrary and antagonizing forces,' 
one tending to separate their particles, the other to bring them into 
closer proximity. The form of bodies, as to solidity and fluidity, 
is determined by the relative 'nt n 't of tl e powers. Cohesion 
predominates in solids, in con quen e f wh ch their particles are 
prevented from moving freely on one an th The particles of a 

fluid, on the contrary, are for 1 s nflu n d by cohesion, being 
free to move on each other with e y si ght fr ction. Fluids are of 
two kinds ; elastic fluids or aenf m sub tan s, and inelastic fluids 
or liquids. Cohesion seems wholly wanting in the former ; they 
yield readily to compression, and expand when the pressure is re- 
moved ; indeed, the space they occupy is chiefly determined by 
the force which compresses them. The latter, on the contrary, 
do not yield perceptibly to ordinary degrees of compression, nor 
does an appreciable dilatation ensue from the removal of pressure, 
the tendency of repulsion being in them counterbalanced by co- 
hesion. 

Matter is subject to another kind of attraction different from 
those yet mentioned, termed chemical attraction or affiniti/. Like 
cohesion it acts only at insensible distances, and thus differs entire- 
ly from gravity. It is distinguished from cohesion by being ex- 
erted between dissimilar particles only, while the attraction of co- 
hesion unites similar particles. Thus, a piece of marble is an 
aggregate of smaller portions attached to each other by cohesion, 
and the parts so attached are called integrant particles; each of 
which, however minute, being as perfect marble as the mass itself. 
But the integrant particles consist of two substances, lime and car- 
bonic acid, which are different from one another as well as from 
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marble, and are united by chemical attraction. They are the com- 
ponent or constituent parts of marble. The integrant particles of 
a body are therefore aggregated together by cohesion ; the com- 
ponent parts are united by affinity. 

The chemical properties of bodies are owing to affinity, and every 
chemical phenomenon is produced by the operation of this principle. 
Though it extends its influence over all substances, yet it aflTecto 
them in very different degrees, and is subject to peculiar modificar 
tions. Of three bodies. A, B, and C, it is often found that B 
and C evince no affinity for one another, and therefore do not 
combine ; that A, on the contrary, has an affinity for B and C, and 
can enter into separate combination with each of them ; but that 
A has a greater attraction for C than for B, so that if we bring C 
in contact with a compound of A and B, A will quit B and unite 
by preference with C. The union of two substances is called com- 
bination ; and its result is the formation of a new body endowed 
with properties peculiar to itself, and different from those of its 
constituents. The change is frequently attended by the destruction 
of a previously existing compound, and in that case decomposition 
is said to be effected. 

The operation of chemical attraction, as thus explained, lays 
open a wide and interesting field of inquiry. One may study, for 
example, the affinity existing between different substances ; an at- 
tempt may be made to discover the proportions in which they unite; 
and finally, after collecting and arranging an extensive series of 
insulated facts, general conclusions may be deduced from them. 
Hence chemistry may be defined the science, the object of which 
is to examine the relations that affinity establishes between bodies^ 
ascertain with precision the nature and constitution of the com- 
pounds it produces, and determine the laws by which its action is 
regulated. 

Material substances are divided by the chemist into simple and 
compound. He regards those bodies as compound, which may be 
resolved into two or more kinds of ponderable matter ; those as 
simple or elementary, which contain but one. The number of the 
latter amounts only to fifty-four ; and of these, agreeably to our 
present knowledge, all the bodies in the earth consist. The list, a 
few years ago, was somewhat different from what it is at present ; 
for the acquisition of improved methods of analysis has enabled 
chemists to demonstrate that some substances, which were once 
supposed to be simple, are in reality compound ; and it is probable 
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that a similar fate awaits some of those which are at present r^[arded 
as simple. 

The composition of a body may be determined in two wajrs, ana- 
lytically or synthetically. By analysis, the elements of a com- 
pound are separated from one another, as when water is resolved by 
the agency of galvanism into oxygen and hydrogen ; by synthesis 
they are made to combine, as when oxygen and hydrogen unite by 
the electric spark, and generate a portion of water. Each of these 
kinds of proof is satis&ctory ; but when they are conjoined — ^when 
water is resolved into its elements, and then reproduced by their 
imion — the evidence is in the highest degree conclusive. 

I have followed, in the composition of this treatise, the same 
general arrangement which I adopt in my lectures. It is divided 
into four principal parts. The first comprehends an account of the 
nature and properties of Heat^ Lights and Electricity, — agents 
so diffusive and subtile, that the common attributes of matter can- 
not be perceived in them. They are altogether destitute of weight ; 
at least, if they possess any, it cannot be discovered by our most 
delicate balances, and hence they have received the appellation of 
Imponderables, They cannot be confined and exhibited in a mass 
like ordinary bodies ; they can be collected only through the in- 
tervention of other substances. Their title to be considered ma- 
terial is therefore questionable, and the effects produced by them 
have accordingly been attributed by some to certain motions or 
affections of common matter. It must be admitted, however, that 
they appear to be subject to the same powers that act on matter in 
general, and that some of the laws which have been determined 
concerning them, are exactly such as might have been anticipated 
on the supposition of their materiality. It hence follows, that we 
need only regard them as subtile species of matter, in order that 
the phenomena to which they give rise may be explained in the 
language, and according to the principles, which are applied to 
material substances in general ; and I shall therefore consider them 
as such in my subsequent remarks. 

The second part comprises Inorganic Chemistry, It includes 
the doctrine of affinity, and the laws of combination, together with 
the chemical history of all the elementary principles hitherto dis- 
covered, and of those compound bodies which are not the product 
of organization. Elementary bodies are divided into the non-me- 
tallic and metallic ; and the substances contained in each division 
are treated in the order which, it is conceived, will be most con- 
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venient for the purposes of teaching. From the important part 
which oxygen plays in the economy of nature, it is necessary to 
begin with the description of that principle ; and from the ten- 
dency it has to unite with other bodies, as well as the importance 
of the compounds it forms with them, it will be useful, in studying 
the history of each elementary body, to describe the combinations 
into which it enters with oxygen gas. The remaining compounds 
which the non-metallic substances form with each other, will next 
be considered. The description of the individual metals will be 
accompanied by a history of their combinations, first with the 
simple non-metallic bodies, and afterwards with each other. The 
last di>dsion of this part will comprise a history of the salts. 

The third general division of the work is Organic Chemistry^ a 
subject which will be conveniently discussed under two heads, the 
one comprehending the Chemistry of the compound Radicals, the 
other treating of the influence of Life on Chemical Products. 

The fourth part contains brief directions for the performance of 
Analysis. 
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OF 



CHEMISTRY, 



PART I. 

IMPONDERABLE SUBSTANCES. 



SECTION I. 
HEAT, OR CALORIC. 

The term Heat, in common language, has two meanings : in 
the one case, it implies the sensation experienced on touching a hot 
body ; in the other, it expresses the cause of that sensation. Whoi 
used in the latter sense, it is synonymous with the word Calorie 
(from Calor, heat), which is employed exclusively to signify the 
cause or agent by which all the effects of heat are produced. 

Heat, on the supposition of its being material, is a subtile fluid, 
the particles of which repel each other, and are attracted by all 
other substances. It is imponderable ; that is, it is so exceedingly 
light, that a body undeigoes no appreciable change of weight, 
either by the addition or abstraction of heat. It is present in all 
bodies, and cannot be wholly separated from them ; for if a sub- 
stance, however cold, be transferred into an atmosphere which is 
still colder, a thermometer placed in the body will indicate the 
escape of heat. That its particles repel one another, is proved by 
observing that it flies off* from a heated body ; and that it is 
attracted by other substances, is inferred from the tendency it has 
to penetrate their particles, and to be retained by them. 

Heat may be transferred from one body to another. Thus, if a 
cup of mercury at 60® be plunged into hot water, heat passes 
rapidly from one into the other, until the temperature in both is 
the same ; that is, till a thermometer placed in each stands at the 
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same height. All bodies on the earth are constantly tending to 
attain an equality, or what is technically called an equilibrium^ 
of temperature. If, for example, a number of substances of dif- 
ferent temperature be enclosed in an apartment, in which there is 
no actual source of heat, they will very soon acquire an equilibrium, 
so that a thermometer will stand at the same point in all. Our 
varying sensations of heat and cold are owing to a like cause. On 
touching a hot body, heat passes from it into the hand, and excites 
the feeling of warmth ; when we touch a cold body, heat is com- 
municated to it from the hand, and thus arises the sensation of 
cold. 

Heat is communicated from a hot body to others which are 
colder in two ways, by direct contact^ and by radiation. By 
direct contact,, when the hot body touches a cold one, so that the 
heat may pass directly from one into the other ; as when a bar of 
iron is put into a fire, or the hand plunged into hot water. By 
radiation^ when the heat leaps as it were from a hot to a cold body 
through an appreciable interval ; as when a red-hot ball, suspended 
in the vacuum of an air-pump, distributes its heat to surrounding 
objects, or when we are warmed by standing at some distance be- 
fore a fire. In studying these phenomena we must regard both 
the loss of heat in the hot body, and the gain of heat in the cold 
one. The mode in which a hot body cools is, firstly, by giving oflp 
heat from its surface either by contact or radiation, or both con- 
jointly ; and secondly, by the heat in its interior passing from 
particle to particle through its substance to its surfece. The heat- 
ing of a cold body is effected, firstly, by heat passing into its sur- 
face either by contact or radiation, or by both conjointly ; and, 
secondly, by the heat at its surface passing from particle to particle 
through its interior portions. Hence, in tracing the laws which 
regulate the distribution of heat, we shall successively consider 
the communication of heat from one body to another by contact^ 
its passage from particle to particle of the same substance or the 
conduction of heat, and its transfer from a sensible distance or 
radiation. 



COMMUNICATION OF HEAT BY CONTACT. 

The principal conditions which influence the communication of 
heat from one body to another by contact, are the degree of con- 
tiguity, and the conducting power of the substances. The more 
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perfect the approximation, tlie more rapid, ceteris paribus^ is the 
transfer. The contact of two solids, or of a solid with a gas, is in 
general of a less perfect kind, and at fewer points, than that be- 
tween a solid and a liquid ; and hence, so far as contact alone is 
concerned, the transfer is more rapid in the latter case than in the 
former. It is still more rapid when liquids are mixed with each 
other, or gases with gases, owing to the intermixture of their par- 
ticles. When bodies touch each other at their surfiices only, the 
question becomes one of conduction, the rapidity of transfer de- 
pending on the velocity with which heat passes through the sub- 
stances in contact. Thus, if a hot mass of iron and another of 
marble, of equal size, form, and temperature, be plunged into equal 
quantities of cold water, the iron will cool &ster than the marble^ 
because heat passes more rapidly through the substance of the 
former than through that of the latter. Were two pieces of hot iron 
similarly plunged, one into mercury, and the other into water, the 
piece in contact with mercury would cool most rapidly, because 
that metal is a better conductor than water. Were the experiment 
made by immersing the iron into mercury, and the marble into 
water, the rapidity of cooling in the former would very much ex- 
ceed that in the latter, from two causes ; — both from heat passing 
more rapidly through iron than through marble, and from its being 
conveyed away more rapidly by mercury than by water. The 
same principle explains the unequal sensation caused by bodies of 
equal temperature. Thus the hand receives a more vivid impress 
sion of warmth by touching hot iron than from glass of the same 
temperature ; because the quantity of heat which in a given time 
can be brought from the interior to the sur&ce of the hot body, so 
as to pass into the skin, is much greater in iron than in glass. In 
like manner, cold iron feels colder than glass of the same tempera- 
ture, because the former conveys away from the skin more heat in a 
given time than the glass. 

CONDUCTION OF HEAT. 

By this term is expressed the passage of heat from particle to 
particle through the substance of bodies. Heat is said to be con- 
ducted by them or to pass by conduction^ and the property on 
which its transmission depends is termed conducting power. 

Heat obviously passes through bodies with different degrees of 
velocity. Some substances oppose very little impediment to its 
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passage, while it is transmitted slowly by others. One cannot leave 
one end of a rod of iron for some time in the fire, and then touch its 
other extremity, without danger of being burned, though this may 
be done with perfect safety with a rod of glass or of wood. The 
heat will speedily traverse the iron bar, so that at the distance of a 
foot from the fire it is impossible to support its heat ; while we 
may hold a piece of red-hot glass two or three inches from its ex- 
tremity, or keep a piece of burning charcoal in the hand, though 
the part in combustion be only a few lines removed from the skin. 
The observation of these and similar facts, has led to the division 
of bodies into conductors and non-conductors of heat. The former 
division, of course, includes those bodies, such as the metals, which 
allow heat to pass freely through their substance ; and the latter 
comprises those which do not give an easy passage to it, such as 
stones, glass, wood, and charcoal. 

Various methods have been adopted for determining the relative 
conducting power of difierent substances. The mode devised by 
Ingenhouz was to cover small rods of the same form, size, and 
length, but of difierent materials, with a layer of wax, to plunge 
their extremities into heated oil, and note to what distance the wax 
was melted on each during the same interval. The metals were 
found, by this method, to conduct heat better than any other sub- 
stances ; and of the metals, silver is the best conductor ; gold 
comes next ; then tin and copper, which are nearly equal ; then 
platinum, iron, and lead. 

Some experiments have been made by Despretz, apparently 
with great care, on the relative conducting power of the metals and 
some other substances, and the results are contained in the follow- 
ing table. (An. de Ch. et Ph. xxxvi. 422.) 

Gold . .1000 Tin . . 308.9 



Silver 


. 973 


Lead 


. 179.6 


Copper 


. 898.2 


Marble 


. 23.6 


Platinum 


. 381 


Porcelain 


. 12.2 


Iron 


. 374.3 


Fine clay 


11.4 


Zinc 


. 363 







The substances employed for these experiments were made into 
prisms of the same form and size. To one extremity a constant 

* Ingenhouz, Journal de Phys. 1789, p. 68. 
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source of heat was applied, and the passage of heat along the bar 
was estimated by small thermometers placed at regular distances, 
with their bulbs fixed in the substance of the prism. 

An ingenious plan was adopted by Count Rumford (Phil. Trans. 
179J^,) for ascertaining the relative conducting power of the dif- 
ferent materials employed for clothing. He enveloped a thermo- 
meter in a glass cylinder blown into a ball at its extremity, and 
filled the interstices with the substance to be examined. Having 
heated the apparatus to the same temperature in every instance by 
immersion in boiling water, he transferred it into melting ice, and 
observed carefully the number of seconds which elapsed during the 
passage of the thermometer through 185 degrees. When there 
was air between the thermometer and cylinder, the cooling took 
place in 576 seconds; when the interstices were filled with fine 
lint, it took place in 1032''; with cotton wool in 1046"; with 
sheep's wool in 1118'''; with raw silk in 1284" ; with beaver**s fur 
in 1296"; with eider down in 1805"; and with hare'*s fur in 1815". 
The general practice of mankind is therefore fully justified by ex- 
periment. In winter, clothing of silk or wool is used in order to 
retain the animal heat ; while in summer, cotton or linen stuffs are 
preferred, that the heat of the body may the more easily escape. 

The conducting power of solid bodies does not seem to be related 
to any of the other properties of matter ; but it approaches nearer 
to the ratio of their densities than to that of any other property. 
Count Rumford found a considerable difiference in the conducting 
power even of the same material, according to the state in which it 
was employed. His observations seem to warrant the conclusion, 
that in the same substance the conducting power increases with the 
compactness of structure. 

Liquids may be said, in one sense, to have the power of con- 
veying heat with great rapidity, though in reality they are very im- 
perfect conductors. This peculiarity is referable to the mobility 
which subsists among the particles of all fluids, and to the change 
of size which is invariably produced by a change of temperature. 
When any particles of a liquid are heated they expand, thereby 
becoming specifically lighter than those which have not received an 
increase of temperature ; and if the former happen to be covered by 
a stratum of the latter, these from their greater density will de- 
scend, while the warmer and lighter particles will be pressed up- 
wards. If, therefore, heat enter at the bottom of a vessel contain- 
ing a liquid, a double set of currents must be immediately esta- 
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blished, the one of hot particles rising towards the sur&ce, and the 
other of colder particles descending to the bottom. These currents 
take place with such rapidity, that if a thermometer be placed at 
the bottom, and another at the top of a long jar, the fire being ap- 
plied below, the upper one will begin to rise almost as soon as the 
lower. The transport of hot particles by this process has been 
termed the convection of heat. 

But if, instead of heating the bottom of the jar, the heat enter 
by the upper surface, very different phenomena will be observed. 
The intestine movements cannot then be formed, because the heated 
particles, from being lighter than those below them, remain con- 
stantly at the top : the heat can descend through the fluid only by 
transmission from particle to particle, a process which takes place 
80 very tardily, as to have induced Count Rumford to deny that 
water can conduct at all. In this, however, he was mistaken ;. for 
the opposite opinion has been successfully supported by Hope, 
Thomson, and the late Dr. Murray, though they all admit that 
water, and liquids in general, mercury excepted, possess the power 
of conducting heat in a very slight degree. 

It is extremely difficult to estimate the conducting power of 
aeriform fluids. Their particles move so freely on each other, that 
the moment a particle is dilated by heat, it is pressed upwards with 
great velocity by the descent of colder and heavier particles, so that 
an ascending and descending current is instantly established. Be- 
sides, gaseous bodies allow a passage through them by radiation. 
Now the quantity of heat which passes by these two channels is so 
much greater than that which is conducted from particle to particle, 
that we possess no means of determining their proportion. It is 
certain, however, that the conducting power of gaseous fluids is ex- 
ceedingly imperfect, probably even more so than that of liquids. 

RADIATION. 

When the hand is placed beneath a hot body suspended in the 
air, a distinct sensation of warmth is perceived, though from a con- 
siderable distance. This effect does not arise from the heat being 
conveyed by means of a hot current ; since all the heated particles 
have an uniform tendency to rise. Neither, for reasons above asr 
signed, can it depend upon the conducting power of the air ; be^ 
cause aerial substances possess that power in a very low degree^ 
while the sensation in the present case is excited almost on the 
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instant. Tli^re is yet another mode by wUcb heat passes from one 
body to another ; and as it takes place in all gases, and even in 
vacuOf it is inferred that the presence of a medium is not necessary 
to its passage. This mode of distribution is called Radiaiion of 
Heat, and the heat so distributed is called Radiant or Radiated 
Heat. It appears, therefore, that a heated body suspended in 
the air cools, or is reduced to an equilibrium with surrounding 
bodies, in three ways ; first, by the conducting power of the air, 
the influence of which is very trifling ; secondly, by the mobility 
of the air in contact with it ; and thirdly, by radiation. 

Laws of Distribution, Heat is emitted from the surfiice of a 
hot body equally in all directions, and in right lines, like radii 
drawn from the centre to the sur&ce of a sphere ; so that a ther- 
mometer placed at the same distance on any side would stand at 
the same point, if the effect of the ascending current of hot air 
coidd be averted. The calorific rays, thus distributed, pass freely 
through a vacuum and the air, without being arrested by the latter 
or in any way affecting its temperature. When they fall upon 
the sur&ce of a solid or liquid substance they may be disposed of 
in three different wajrs : — 1, they may rebound from its surface, or 
be reflected ; 2, they may be received into its substance, or be 
absorbed ; and, 3, they may pass directly through it, or be trans^ 
mitted. In the first and third cases, the temperature of the body 
on which the rays fEdl is altogether unaffected ; whereas, in the 
second, it is increased. The heating influence varies with the dis- 
tance from the radiating body. The heat of a fire is less, the 
further we are removed from it ; just as the light grows fidnt in 
proportion as we recede from a lamp. The rate or law of decrease, 
as ascertained by careful experiment, and as may be inferred from 
mathematical considerations, is, that the intensity of heat diminishes 
in the same ratio as the squares of the distances from the radiating 
point increase. Thus the thermometer will indicate four times less 
heat at two inches, nine times less at three inches, and sixteen 
times less at four inches, than it did when it was only one inch 
from the heated substance. 

The radiation of heat by hot bodies is singularly influenced by 
the nature and condition of their surfaces, a circumstance which was 
first examined by Leslie, to whose Essay on Heat, published in 
1804, we must still refer for most of our knowledge on this sub- 
ject. Leslie employed in his experiments a hollow tin cube filled 
with hot water as thie radiating substance. The lays proceeding 
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from it were brought, by means of a concave mirror, into a {bcas, 
in which the bulb of a differential thermometer was placed. By 
adapting thin plates of different metals to the sides of tiie tin cube, 
and turning them successivel j towards the mirror, he found a yerj 
variable efiect produced upon the thermometer. A bright smootii 
polished plate of metal radiated very imperfectly ; but if its sur- 
face were in the least d^ree dull or rough, the radiating power was 
immediately augmented. Or if the metallic surGure were covered 
with a thin layer of isinglass, paper, wax, or resin, its power of 
radiation increased surprisingly. It follows from these researches 
that velocity of radiation depends more on the surface than the 
substance of a radiating body : — that the most imperfect radiators 
are to be sought among those bodies which are highly smooth and 
bright, such as polished gold, silver, tin, and brass ; but that 
these same metals radiate freely when their smoothness and polish 
are destroyed, as by scratching their surfisu^es with a file, or cover- 
ing them with whiting or lamp black. A metallic surface seems 
adverse to radiation independently of its smoothness, since a highly- 
polished piece of glass radiates far better than an equally polished 
metallic surface. Scratching a surface probably &vours radiation 
by multiplying the number of radiating points. 

Some interesting experiments have been made by Dr. Stark of 
Edinburgh, (Phil. Trans. 1833, Part II.) illustrative of the con- 
nexion between radiation and the colour of surfaces. The bulb of 
a delicate thermometer was successively surrounded by equal weights 
of differently coloured wool, was placed in a glass tube, heated by 
immersion in hot water to 180°, and then cooled to 60° in cold 
water. The times of cooling were 91 minutes with black wool, 26 
with red wool, and 27 with white wool. Concurring results were 
obtained with flour of different colours. Likewise, black wool was 
found to collect more dew than an equal weight of white wool, other 
circumstances being alike. — This is the first time that direct expe- 
riments, seemingly unexceptionable, have been made in proof of 
the influence of colour over radiation. 

Reflection of Heat. — The existence of a reflecting power may be 
shown by standing at the side of a fire in such a position that 
the heat cannot reach the face directly, and then placing a plate of 
tinned iron opposite the grate, and at such an inclination as permits 
the observer to see in it the reflection of the fire : as soon as it 
is brought to this inclination, a distinct impression of heat will be 
perceived upon the face. If a line be drawn from a radiating sub- 
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stance to the point of a plane sui&ce by ivliich its rays aie re- 
flected, and a second line irom that point to the spot where its 
heating power is exerted, the angles which these lines form with a 
line perpendicular to the reflecting plane are called the angles of 
incidence and reJUctiouy and are invariably equal to each other. 
It follows from this law, that when a heated body is placed in 
the focus of a concave parabolic reflector, the diverging rays 
which strike upon it assume a parallel direction with respect to 
each other; and that when these parallel rays impinge upon a 
second concave reflector standing opposite to the former, they are 
made to converge, so as to meet together in its focus. Their united 
influence is thus brought to bear upon a single point. 

It has been known for ages that the heat contained in the solar 
rays admits of being reflected by mirrors, and a like property has 
long since been recognized in the rays emitted by red-hot bodies ; 
but that heat emanates in invisible rays, which are subject to the 
same laws of reflection as those that are accompanied by light, 
is a modem discovery, noticed indeed by Lambert, but first deci- 
sively established by Saussure and Pictet of Geneva. They first 
proved it of an iron ball heated so as not to be luminous even in 
the dark, and then of a vessel of boiling water, (Pictef s Essai sur 
le Feu, p. 65, 1790) ; but for most of our knowledge of this sub- 
ject we must again refer to the labours of Leslie. He demon- 
strated that the reflecting power depends on the nature and condi- 
tion of sur&ces, and that those qualities which are adverse to 
radiation, are precisely such as promote reflection. Bright smooth 
metallic surfaces, as polished silver, brass, or tin, which are re- 
tentive of their own heat, are little prone to receive heat from 
other sources, but cause such rays to fly off from them ; while 
those qualities of a surface which fisuiilitate radiation from a hot 
body, likewise unfit it for reflecting the rays which fidl upon it 
from surrounding objects. His experiments, indeed, justify the 
conclusion that the faculty of radiation is inversely as that of 
reflection. 

Absorption of HeaL-'^l&very increase of temperature arising 
from radiant heat is due to its absorption or reception into the 
body on which it falls. If a pencil of heat impinge on the surface 
of a body, through which no portion of it is directly transmitted, it 
must either be absorbed or reflected : those rays which are reflected 
cannot be absorbed ; and those which are not reflected, must be 
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absorbed. The number of absorbed rays is supplemental to that 
of the reflected rays. It hence follows that as the reflecting power 
is materially influenced by the nature of surfaces, the absorptive 
power must be so likewise. Those qualities of a surface which in* 
crease reflection are to the same extent adverse to absorption ; and 
those which &your absorption are proportionally injurious to re- 
flection. Since, moreover, as was shown in the last article, the 
property of radiation is inversely as that of reflection, the power of 
radiating is directly proportional to that of absorbing heat. These 
inferences are fully justified by the researches of Leslie, and have 
received additional confirmation by a decisive experiment made by 
my colleague, Dr. Ritchie. (Royal Inst. Journal, v. 806.) 

The colour of surfaces influences the absorption of radiant heat. 
This has been observed by several persons of the sun'^s rays, and of 
terrestrial heat associated with light, as will be stated in the next 
section ; but the dependance of the absorptive power for simple 
heat on colour has not till lately been noticed. From research^ 
by Stark already referred to (page 16), it seems that differently 
coloured wools wound upon the bulb of a thermometer, and ex.*- 
posed within a glass tube to hot water, rose from 50° to 170° in 
the following times, — ^black wool in 4' 30", dark green in &\ 
scarlet in 6' 80", white in 8'. 

An interesting connexion has been traced by Nobili and Mel»- 
loni between the absorbing and conducting power of surface^ 
(An. de Ch. et Ph. xlviii. 198.) In their experiments variatiofis 
of temperature were estimated by the thermo-multipliery which 
consists of a thermo-electric combination on the principle of those 
to be hereafter described in the article on Therma^Electridi^ : 
it is attached to a delicate galvanometer, which, by measuring the 
degree of galvanic excitement, acts as a thermometer, the excite- 
ment being thought to vary directly as the temperature, Tkesc 
researches, if fi«e from fallacy, justify the inference that the radi- 
ating and absorbing powers of surfaces for simple heat are in the 
inverse order of their conducting power. 

Transmission of Heat. — Radiant heat passes with perfect free- 
dom through a vacuum. The air and gaseous substances present 
but a feeble barrier to its progress ; so feeble, indeed, that the 
degree of impediment which they occasion has not yet been appre- 
ciated. Most transparent media of a denser kind, on the contno:^ 
such as the diamond, rock-crystal, glass, and water, even la thii 
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strata, interfere greatly with its passage. This last remark, how- 
ever, is only applicable to simple radtaiU heatj that is, to heat un- 
associated with light. The solar rays pass readily through glass, 
both hea,t and light being refracted in their passage, as is showi^ 
by the action of a burning glass or lens ; and though much of the 
heat emitted by the flame of a lamp or a red-hot ball of iron is 
arrested by glass, many calorific rays are directly transmitted along 
with the light. But the result is different when the heated body 
is not luminous. A thin screen of glass interposed between such 
an object and a thermometer certainly intercepts most of the rays 
that fall upon it ; and the sole question which can be raised is, 
whether the small effect on the thermometer is caused by direct 
transmission, or by the screen first becoming warm by absorbing 
the rays, and then acting by its radiation on the thermometer. 
On this point the philosophic world was long much divided ; but the 
question has been at length finally set at rest by the masterly 
researches of Melloni, made with the thermo-multiplier (An. Ch. 
et Ph. xlviii. 198, liii. 5, Iv. 387, Ix. 40«). He has proved that 
solids and liquids differ in transmissibility to the rays of heat, just 
as they differ in their action on light. This may be expressed by 
the terms transcalent and intranscalent {trans through, caleo I 
heat), or diathermanous and adiathermanous (&a through, 0ig(Aai»af 
I heat), corresponding to the adjectives transparent and opaque as 
applied to light. The principal conclusions flowing from his re* 
searches are the following : — 

1. Though transcalent bodies are also in general more or 
less transparent, the only known exceptions being opaque black 
glass and black mica, yet the transcalency and transparency of a 
substance are not in the same proportion. Rocknsalt is far more 
transcalent than glass of far greater transparency. Chloride of 
sulphur of a reddish-brown tint is more transcalent than nut or 
olive oil of a light yellow colour, and these than the purest ether, 
alcohol, and water; while their transparency is in the opposite order. 

2. Radiant heat falling perpendicularly on laminss of transcalent 
bodies having parallel surfaces suffers in all the same degree of 
reflection, which amounts to 39-lOOOths of the incident rays on 
entering, and 37-1 000th on leaving the lamilia. 

3. Transcalent bodies differ in the d^ee of their transcalency. 
Rock-salt is the only known substance which is perfectly diathev- 
manous : heat from any source fidling on a lamina of pure rock^sali 
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with fMurallel faces is not at all absorbed, all Ue ray? yihxA 9lf(.|i^: 
reflected being directly transmitted ; and this ia true ^heth^ iM' 
laminsd be thick or thin. The result is different Tith other tradsc^r. 
lent bodies^ which always absorb a portion of .the incident mj^.t 
Of 100 rays of heat ftom the same source successively ineident^pfi 
lamin« of equal thickness of rock-salt, alum, flint-glassy and crowpl-ft 
gJasB, the transmitted rays were 9^ 12, 65, and 49. Of 100 ^oaff^ 
similarly incident on strata of water, chloride of sulphur, bi^ulfT 
phuret of carbon, ether, and alcohol, the transmitted mjrs.,i«r$f9b 
11> 68, 63, SI, and 15. The rays transmitted through sjlinUMrt 
laminsd of coloured glass were 53 per cent, with violet glaas^.i^f^ 
with red, 84 with ydlow, 83 with blue, and 26 with green glasGua l 
4. In glass and liquids those are most transcalent which; havfy^^ 
greatest refractive power in regard to light. This is shfywn^un 
No. 8, where only 11 per cent, of the incident heat passed, th^^^ 
wateti uid 63 through a similar stratum of bisulphuret of caili(Qi|t> 
Bnt the law is not applicable to crystalline bodies : thuSi f^ii abf^vcsi 
9d percent* of the incident rays find their way through T0ck<=f«it,, 
^d 12l per cent, through a similar stratum of alum ; whil|$ j^Wt 
refractive powers for light are nearly the same. ^ ^H[> 

. '6; The quantity of radiant heat transmissible through 'glpss 
Varies with the temperature of the source firom which thQ.^]||» 
emanate; Of TOO rays successively incident on the same laniii^ 
of^ glass^from.the ibur sources, an oil-lamp, red-hot plaJtinuaoaj) 
Uackaaed Qopper heated to 734% and the same copper at: 212^ 
the nioftber of rays transmitted were 77, 57> 84, and IS. Siinxbn 
resnltir were formerly obtained by De k Roche (Qiot^s Tn^t^ ^ 
Pfaysiqne^iivw. 688); and Melloni has proved that diathermaiMHB| 
bMKfsdnfendfal act in the same manner as glass. The'0]i}y,iex:=. 
eeptknb' is roc^Hsalt, which is equally permeable to rays froq^ 
muires of a kw as of a high temperature. It further appears th|^ 
niys ftfflD the same source pass through some media more rea4ilj[ 
than through others. It seems an unavoidable inference . firoD^ 
Melkmrs experiments, that radiant heat has different properties 
according to its source ; that there are various kinds or state? of 
dadiant heat, just as there are various kinds or states of light ^ 
mamfested by its diflbrent colours. The rays of light which havie 
pened through Uue glass will pass through a second blue glassinKKr^ 
easily than through glass of a different colour, though otherwise lef» 
opaque than the blue glass. So do calorific rays, after transmiWiOii 
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thrdi^ tfaUr, paa§ ihron^h x second utratum of water more reaililjr 
thnrt throuf^h liquids otlierwisc more diathermanous, audi as al- 
coilol or ether. T!ic water absorbs many ravs which might have 
hod the power to pais throagh alcohol, and gives passage to others 
which can penetrate water, but not alcohol. Hence it should 
follow, as Melloni has proved, that comparatively little heat ia 
absorbed bv multiplying screens of the same material, or incrcanng 
the thickness of one screen : it is the first screen, or the side of one 
screen, nex.t the radiating substance, by which the principal ubsorp* 
tion of heat is effected. The quantity of heat arrested by m-' 
creasing tlie thickness of a screen detTCases in a very rapid raito^i 
I'hefee &cts establish between heat and light new and deeply inw 
tcrestjnff relations, which will be referred to in the next section. 

H. Melloni has established the refrangibility of heat by diather-i 
manons media. Prior observers failed of obtaining decisive evidence 
of this property, in consequence of using prisms or lenses of glass, ibm 
feeble transcalency of which unfits it for such an inquiry ; but witH 
a 'prism of rock-salt Melloni easily demonstrated the general priti*' 
dple-, and proved that heat from different sources, tike light «f 
different colours, has different degrees of refrangibility. i: 

Pilantntion and double Kefraclion of Htat. — 'I'hese properties 
of larJiant heat, which Melloni with all hie skill vainly oAtemptDd 
M demonstrate, have lately been established in regard tu beat, both 
ft«Tf\ tominous and non-luminoua sonrcea, by Forbes,— a discsTery 
of ^at interest, as drawing still closer the relations of heat and 
light, "and for which he has received the well-merited hoooiir oli 
tbe Keith medal, awarded by the Royal Society of Edinbns^v 
FoAes has polarized heat by all the niCthMa which polarize lightj 
— ^y reflection, refraction, and double refraction. He akio depoky 
riifcd heal ; and as this occurs only as a consequence of double t^ 
frakiMi, he thereby proved the double refraction of Lent. Tha 
hisfntnietit used by Forbes was the thenno-multtpHor, bron|^t ^to 
sSi^Ir e^itS^e de!i<?aey that it is aiipposcd sensible to LrldOOths df 
i^SegiSf? ofFaht^nheit's thermdmeler. (Phil. Trans. Jid. rSSn.)!^ 
' " T^Mry of Kudiiiliim, — 'I'be tendency which all bodies sffibm. to 
ftftrfti'-ot^eqnality ftf t*mper»turo by means of radiation, liaSijptain 
rSBfr't(i two ingenious llieoriea, Bnggested -respectivol+ by ^iciot 
^A' Prevost. Aecording to the former, bodies of equal t^npaiif 
Itire do not radiate at all ; and wlien the tempemtore is. onequal, 
tJre hdttcr give caloriBc rays to the colder bodies till an cqiiilibriitin 
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is establiahed, at wliich moment the radiation ceases. Prevast, on 
the contrary, conceived radiation to go on at all times, and from all 
substances, whether their temperature were the same or difierent 
firom that of surrounding objects (Recherches sur la Chaleur). 
Consistently with this view, the temperature of a body fidls when- 
ever it radiates more heat than it absorbs ; its temperature i« sta- 
tionary when the quantities emitted and received are equal ; and 
it grows warm when the absorption exceeds the radiation. The&st 
case occurs when a hot body is surrounded by others coldec than 
itself; the second, when all the substances within the sphere of 
each other^s radiation have the same temperature ; and the third, 
when a body is introduced into a room which is warmer than itself. 
Of these theories the preference is very generally accorded to flie 
latter. Most of the phenomena of radiation, indeed, admit of a 
satis&ctory explanation by both ; but on the whole, the theory of 
Prevost is more generally applicable. A favourable example for 
tracing this preference is afforded by the law of cooling in oacteo, 
established by Dulong and Petit. Another argument in its &vour 
is deducible from the close analogy which subsists between the 
laws of heat and light. Luminous bodies certainly exchange rays 
with one another : — a feeble light sends rays to one of greater 
intensity ; and the quantity of light emitted by each, does not 
seem to be at all influenced by the vicinity of the other. Sinc^, 
therefore, the radiation of light is not prevented by the presence of 
other luminous bodies, it is probable that the radiation of heat is 
equally uninfluenced by the proximity of other radiating substances. 
Adopting, for the reasons just stated, the theory of Prevost, it 
will be useful to examine a few instances of its application ;— and, 
first, in regard to the experiments with conjugate mirrors. If a 
metallic ball in the focus of one mirror, and a thermometer in that 
of the other, be of the same temperature as the surrounding objects 
(say at 60°), the thermometer will remain stationary. It will in- 
deed receive rays from the ball ; but as it emits an equal number 
in return, its temperature will be unchanged. If the ball is above GO** 
the thermometer will rise, because it then receives a greater number 
of rays than it emits. If, on the contrary, the ball is below 60% 
the thermomet^, being the warmer of the two bodies, emits more 
jcays than it receives, and its temperature will fall. 

The same mode of reasoning explains an interesting experi- 
ment originally performed by the Florentine Academicians, and 
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since carefully repeated by Pictet, He placed a piece of ice 
instead of the metallic ball in the focus of his mirror, and observed 
that the thermometer in the opposite focus immediately descended, 
but rose again as soon as the ice was remoTed. On replacing the 
ice in the focus, the thermometer again fell, and reascended when 
it was withdrawn. It was supposed by some philosophers that this 
experiment proved the existence of firigorific rays, endowed with the 
property of communicating coldness ; whereas, all the preceding 
remarks were made on the supposition that cold is merely a nega- 
tive quality arising from the diminution of heat. Nor is the fore- 
going experiment inconsistent with such an opinion : on the con- 
trary, it is readily accounted for by the theory of Prevost, and might 
have been anticipated by its application. The thermometer, in 
fact, has its temperature lowered, because it emits more rays than it 
receives ; and it rises when the ice is removed, because it then re- 
ceives a number of calorific rays radiated by the warmer surrounding 
objects, which were intercepted by the ice while it was in the 
focus. 

; An elegant application of this theory was made by Dr. Wells to 
account for the formation of dew. The most copious deposit of 
dew takes place when the weather is clear and serene ; and the sub- 
stances that are covered with it are always colder than the contigu- 
ous strata of air, or than those bodies on which dew is not deposited. 
In &ct, dew is a deposition of water previously existing in the air 
as vapour, and which loses its gaseous form only in consequence of 
being chilled by contact with colder bodies. In speculating, there- 
fore, about the cause of this phenomenon, the chief object is to 
discover the cause of the reduction of temperature. The explana^ 
tion proposed by Wells, in his excellent Treatise on Dew, and 
now universally adopted, is founded on the theory of Prevost. If 
it be admitted that bodies radiate at all times, their temperature 
can remain stationary only by their receiving from surrounding 
objects as many rays as they emit ; and should a substance b^ so 
situated that its own radiation may continue uninterruptedly with- 
out an equivalent being returned to it, its temperature must neces- 
sarily fall. Such is believed to be the condition of the ground in a 
calm starlight evening. The calorific rays which are then emitted by 
substances on the sur&ce of the earth, are dispersed through free 
space and lost : nothing is present in the atmosphere to exchange 
xaygwith tbem,and their temperature consequently diminisheSi,' If, 
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OH tie contrary, tie weather be cloudy; 'eh^*riidiai3ft*)i€a<r}>tio^0d<fi]%r^ 
fi&nti the earth id intercepted by the clouds^, an interehan^ ifi^<«ilfiid < 
bliBh^d, and the ground retaini^ nearly, if niot ^uite, the ^i]d€^^ttel&i^o 
peratute as the adjacent portions of air. ' ^ ^ "^ — ' ( I f ( • J ) 

AH the facts hitherto observed concerning the formaftioti'>ef*^ldi^,^ 
tend to confirm this explanation. Dew is deported fs;pAiAA^y^W 
not at all in cloudy weather ; all circumstances which prbindt^^^frS^i 
radiation are favourable to its deposition; good radiatois of ^ht^^' 
sttch as grass, wood, the leaves of plants, and filamen toons' i^tibstJI^^es 
in getoettil, reduce their temperature, in favourable states o^ i^ 
weather, to' an extent of 10, IS, or even 15 degrees below tiat^^- 
the circumambient air; and while these are drenched with' d!fevf» 
pieCei^ of polished metal, smooth stones, and other imperfect iftdid^ 
to*6, are barely moistened, and are nearly as warm as the ait 111 thl^ 

vi6iiiit;^. - • '■■ ■' - '^^•l '^i^' 

'''Voott^ng of Bodies. — Heated bodies cool by two vetydi^iWtrtr 
miethods (page 10). When a hot body is enveloped in isofM'silP 
^atiCies, its heat is withdrawn solely by communication, lfttn4'^W^ 
velocity of cooling depends on the conducting power. €ll(>bKi^ J^* 
effected in a similar manner when the heated body is immersed in tf 
liquid ; but the velocity of cooling then depends partly on the con- 
^Ufftiilg power of the liquid, and partly on the mobility ^ofitftf^fiuy 
tkrled* ' '^In elastic fluids the cooling takes place both by commtot^r^ 
tictn and radiation ; and in a vacuum it is produced solely by radiatioi|« 
mI The term velocity of cooling above employed signifies. the^nnHiv' 
ber of degrees lost by a hot body during equal intervals of tij»evas 
<me minute or one second ; and by the law of^iooling'iB meant ithe 
iwlBitton which the velocities of cooling bear to each other, -Tifcc 
firstaitempt to fix the law of cooling was by Newtonv Observing 
thet velocity of cooling in a hot body to diminish continually asttln^ 
«ices6-ofitB» temperature declined, he conceived that the heat 1(M 
d(tiAngea<jh interval of time was a constant fraction of its excess of 
heat at the beginning of that interval. Thus, if a body heated* C6 
4000 degrees above the temperature of the «uiTounding air werfe to 
l«ee'l«10tb of that excess, or 100 degrees, during the first seooztd^ 
-be thoi^t it would Jose 1-1 0th of the remaining 900, or90 de- 
grees^ during the next second, and 1-lOth of the residual SlOyor 
81>idegrfii«aijduriQg the third second; «o that the number of degrees 
totcfetfing'^tte first five seconds would be 100, 90, §1, l^'9i'RtA 
65-6. These numhe;[»iWOuld therefore denote the velocity of «ot;t- 



big durii^<^a(^ suooeeding second ; and oU'examiBing tb«k.inui«al. 
reltilioiii k k obivious thai ihey constitutea geometric parogzcfifsioAxi 
ofnwbich 1111 ia the ratio. . For 65-6 x 1t111 = TO-9, Gftftxid 
(1-111)* = 80-98, 65-6 X (1111)^ = 89-96, &c. ;— the propei?ty a(f, 
a v^^metoical genes. As this yiew appeared to be consistent 
Tvjth actod obiseryation, Newton inferred as a general law o{ c^qId 
ing)< thai while the times of cooling form an arithmetical secies^i t)K^. 
velocities of coolmg are in a geometric progression. ? i > ,^ > 

Thi^ Bubject baa been experimentally investigated by Dulcmg- 
and Petit. (An. of Phil. xiii. 112.) They have demonsiiated 
tbai !]S^eViton^s law may be adopted without material error wheo A/ 
body is but slightly hotter than the surrounding medium* and tbfj 
whpl(»i d^f^ape. of its temperature inconsiderable,; but when tb^ 
mfivge of cooling, is extensive, or the original excess of heat grei^tij 
the law is very defective. They have examined with consummiite 
skiU. the various circumstaaces by which the cooling of a hot b^dy 
in. f^ .vacuum, and when sunoua^ed by an elastic fluid, is influezicfdrfr 
b]Ubi their inquiry is too mathematical and abstruse for the purpoi^ 
of an elementary treatise. „ ^ .^ ; 

EFFECTS OF HEAT. . rj 

rThc phenomena that may be ascribed to this agent, and whiekf m^ 
theiefbre be enumerated as its effects, are numerous! With''i«^ 
spect to animals, it is the cause of the feelings of cold, a^^nesbU 
warmth, and burning, according to its intensity. It exciteiilhe 
system powerfully, and without a certain degree of it the'vitd 
actions entirely cease. Over the vegetable world its influence ois 
eibiious to every eye. By its stimulus co-operating- with airaM 
nioistiireiy'the seed Bursts its envelope and yields a fierw pk»t,'4ift 
iMtds open^ the leaves expand, and the fruit arrives at naturH^. 
With the declining temperature of the seasons die drculatibn '0ftht 
sap ceases, and the plant remains torpid till it is agiin eKcited^^fcty 
the stimulus of heat. .: > • !.;i( 

The dimensions of every kind of matter are regulated by this 
principle. Its increase, with few exceptions, sepamtes tfa^ t)ai'tic}es 
of bodies to a greater distance from each other, producing eckpanoi- 
sion, 60 that the same quantity of matter is thus made to oectipgr 
fi larger space ; and the diminution of heat has an opposite eiSefcS. 
Were the repulsion occasioned by this agent't<)' c^ase entirel^,fth^ 
atoms^f bodies would come into actual conteBi6t;<"' ''-' ' ^ ^ '"-^'^ 
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The form of bodies is dependent on heat. By its increase solids 
are converted into liquids, and liquids are dissipated in vapour; 
by its decrease vapours are condensed into liquids, and these become 
solid. If matter ceased to be under the influence of heat, all 
liquids, vapours, and doubtless even gases, would become perma- 
nently solid ; and all motion on the sur&ce of the earth womld 
be arrested. 

When heat is accumulated to a certain extent in bodies, they 
shine or become incandescent. On this important property depend 
all our methods of artificial illumination. 

Heat exerts a powerful influence over chemical phenomena. 
There is, indeed, scarcely any chemical action which is not in some 
degree modified by this principle ; and hence a knowledge of its 
laws is indispensable to the chemist. By its means bodies pre- 
viously separate are made to combine, and the elements of com- 
pounds are disunited. An undue proportion of it is destructive 
to all organic and many mineral compounds ; and it is essentially 
concerned in combustion, a process so necessary to the wants and 
comforts of man. 

Of the various eflfects of heat above enumemted, several will be 
discussed in other parts of the work. In this place it is proposed to 
treat only of its influence over the dimensions and form of bodies, a 
subject which will be conveniently studied under the three heads of 
expansion, lique&ction, and vaporization. 

EXPANSION. 

One of the most remarkable properties of heat is the repulsion 
which exists among its particles, a property which enables it, on 
entering into a body, to remove the integrant molecules of the sub- 
stance to a greater distance from each other. The body, therefore, 
becomes less compact than before, occupies a greater space, or, 
in other words, expands. This eflfect of heat is opposed to co- 
hesion — that force which tends to make the particles of matter 
approximate, and which must be overcome before any expansion 
can ensue. A small addition of heat should therefore occasion 
a small expansion, and a greater addition of heat a greater expan- 
sion ; because in the latter case, the cohesion will be more over- 
come than in the former. Also, whenever heat passes out of a 
body, the cohesion being more feebly opposed, a contraction should 
ensue ; so that expansion is only a transient effect, occasioned 
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solely by the accumulation of heat. Heat, moreoTer, should pro« 
duce the greatest expansion in those bodies irhich are least in- 
fluenced by cohesion, an inference fully justified by observation. 
Thus the force of cohesion is greatest in solids, less in liquids, and 
least of all in aeriform substances ; while the expansion of solids is 
trifling, that of liquids much more considerable, and that of elastic 
fluids far greater. 

It may be hid down as a rule, the reason of which will now 
be obvious, that all bodies are expanded by heat, and that the 
expansion of the same body increases with the quantity of heat 
which enters it. But this law does not apply, unless the form and 
chemical constitution of the body is preserved. For if a change in 
either be occasioned, then the reverse of expansion may ensue ; not, 
however, as the direct consequence of an augmented temperature, 
but as the result of a change in form or composition. 

To prove the expansion of solids, we need only take the exact 
dimensions in length, breadth, and thickness, of any substance when 
cold, and measure it again while strongly heated, when it will be 
found to have increased in every direction. A familiar demonstra- 
tion of the fact may be afforded by adapting a ring to an iron rod, 
the former being just large enough to permit the latter to pass 
through it while cold. The rod is next heated, and will then no 
longer pass through the ring. This dilatation irom heat and conse- 
quent contraction in cooling take place with a force which appears 
to be irresistible. 

The expansion of solids has engaged the attention of several ex- 
perimenters, who have endeavoured to determine the exact quantity 
by which different substances are lengthened by a given increase of 
heat, and whether or not their elongation is equable at different 
temperatures. The Philosophical Transactions contain various dis- 
sertations on the subject by Ellicot, Smeaton, Troughton, and 
Roy ; and Biot has given the results of experiments performed with 
great core by Lavoisier and Laplace, who have established the fi)l- 
lowing points : — 1. Different solids do not expand to the same 
degree from equal additions of heat. 2. A body which has been 
heated from the temperature of freezing to that of boiling water, 
and again allowed to cool to 82°, recovers precisely the same 
volume which it possessed at first. 3. The dilatation of the more 
permanent or infusible solids is very uniform within certain limits ; 
their expansion, for example, from the freezing point of water to 
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jftfev^^t soHffii i^ Mt dilate uhifbrtriy'dt'MgK tttiftmiiM, mjfi 
eli^toi&ttt intfreiising ratio; tliat is, tAe Hi^et tH6 t^ln^efetulP 
b*yih4'«r2^,'tlifr greater the expansion for eqtial ^ddifibifS bFl^^t!^ 
It is manifest, indeed, from their experiments, that the ^i^'^6P 
expansion is an increasing one even between S^ -andr^l^-; hut 
the diifettnc^ff -which exist within this small ransfe are sti Ttf (jbfnsider- 
able as tOcesi^pe observation, and for most practical purpoifismay be 
disregarded. ^ ~ " ; 

The subjoined table includes the most interestingri?ei^ts of 
Lavoisier and Laplace. (Biot, i. 168.) -] 
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JS^9ifjf^^9^!^A^^^.^^^^y'^^^!^ ^ geometric priacipka. .Let I, lis tketangikb 
ofia cpTd melanic bar, and t; its volume or solidity ; let l+.d be its length wh^p fiefiteiL 
aniiia^ilBfiUliM^ in tbaft s&ltfe. As its breadth and diidiness increased the ^^6 pPj^*^ 
poi;ffC^;y^jifs J^pgtl^, tb^ wpanded bar will have precisely the same Hgure^ that i©, nhe ' 
same proportion of its dimensions, as the col4 one ; and since, by Euqlid^ the solidity 
ofliWiKtflfigiite^faiiU tbd<mbe of homologous sides, it YolloWs thut v :V : r 1' : f I ^d^^ 
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frniioD, tP ana even St? are extremely minute, and may hence oe altogether neglected. 
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The se66lidi -fontth, and sixth columns of the following ti^ble 
show'^ine m^ total expansion of iron, copper, and plantinum, 
when heated fti)m 82° to 212^ and from 32 to 572'', for cfachfde- 
gree. The (h^d, fifth, and seventh columns indicate, the dc^ees 
on a thermometer of iron, copper, and platinum, con^pondii^ to 
a temperature jpf 572° on an air thermometer. It is obyious 'that 
platinum is niil^h more uniform in its expansion than either of tthe 
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dilated to a much greater extent, not only occupies the additional 
space in the bulb, but likewise rises in the stem. Its ascent marks 
the difference between its own dilatation and that of the g^ass, and 
is only the apparent, not the actual, expansion of the liquid. 

Different liquids do not expand to the same d^ree firom an 
equal increase of temperature. Alcohol expands much more than 
water, and water than mercury. From the frequency with which 
the latter is employed in philosophical experiments, it is important 
to know the exact amount of its expansion. This subject has been 
investigated by several philosophers, but the experiments of La- 
voisier and Laplace, and especially of Dulong and Petit, from the 
extreme care with which they were made, are entitled to the great- 
est confidence. According to the former the actual dilatation of 
mercury, in passing from the freezing to the boiling point of water, 
amounts to sfjfVsr of its volume ; but the result obtained by Dulong 
and Petit, who found it sVW^ is probably still nearer the truth. 
Adopting the last estimate, this metal dilates, for every degree of 
Fahrenheit's thermometer, tsVo^ of the bulk which it occupied at 
the temperature of 82°. If the barometer, for instance, stand at 
30 inches when the thermometer is at 32°, we may calculate what 
its elevation ought to be when the latter is at 60**, or at any other 
temperature.* The apparent expansion of mercury contained in 

* The pressure exerted by equal columns of a fluid, or fluids, is as the density of the, 
columns ; and as the density of mercury diminishes with increase of temperatuie, it 
follows that a 30-inch column of mercury at 32<^ has a greater weight, or presses more, 
than a mercurial column of equal base and height at 60<^. It is hence necessary, in 
estimating atmospheric pressure by the barometer, either to have the mercurial column 
always at the same temperature, or to correct the error arising from difference of tem- 
perature by calculation. This correction is effected by finding the length or height of 
a mercurial column at some standard temperature, as at 60^, which shall exert the same 
pressure as another column at any other temperature. The formula is thus deduced : — 
Let H, D, V, be the height, density, and volume of a mercurial column at 32® ; and 
H', D', V, its height, density, and volume when the temperature rises above 32^ by 
any number of degrees expressed by T'. Now it is a principle in hydrostatics that the 

H D' 

heights of fluid columns of equal pressure are inversely as their density, so that _ = ^ , 

H' D 

and since the volume of the same liquid is also inversely as its density, l.zz^\ Conse- 

V D 

H V 

quently, the heights are directly as the volumes, or — = — . Since, therefore, V'=V4- 

H' V 

Vx Jl,soisH'=H4-H'x— = Hx('l -f Jl'irrHX ('??22±T!\. The 
9990 9990 ^ 9990/ V .9990 / 
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glass is of oooise less Umn the absolute expaniioii. Between tho 
limits of S^"" and 212^ Lavoisier and Laplace estimate the apparent 
expansion at Vr > and Dulong and Petit at ^^.^ of its volume, being 
iii^y for eadi degree of Fahrenheit's thermometer. Dulong and 
Petit state that the mean total expansion of mercury from 32 to 
572° for each degree is ^to* ; and that the mean apparent expan^ 
sion in glass from 32** to 572** for each dq;ree is TrirT* ^^^ ^°^" 
perature in their experiments was estimated by an air thermometer, 
which they consider more uniform in its rate of expansion than one 
of mercury. The temperature of 572** on the air thermometer 
correspcmds to 586** in the mercurial one. 

All experimenters agree that liquids expand in an increasing 
ratio, or that equal increments o( heat cause a greater dilatation at 
high thim at low temperatures. Thus, if a fluid is heated from 
32*^ to 122*" it will not expand so much as it would do in being 
heated from 122"* to 212*^, though an equal number of degrees is 
added in both cases. In mercury the first expansion, according to 
Delue, is to the second as 14 to 15 ; in olive oil as 13*4 to 15 ; 
in alcohol as 10*9 to 15 ; and in pure water as 4*7 to 15. At- 
tempts have been made to discover a law by which this progression 
is rqs^ated, and Dalton conceives that the expansion observes the 
ratio of the square of the temperature estimated from the point of 
congelation, or of greatest density ; but this opinion is merely 
hypothetical, and has been shown by Dulong and Petit to be in- 
consistent with the facts established by their experiments. 

There is a peculiarity in the effect of heat upon the bulk of some 
fluids ; namely, that at a certain temperature increase of heat 
causes them to contract, and its diminution makes them expan<!. 
This singulaar exception to the general eflTect of heat is only observ- 
able in those liquids which increase in bulk in passing from the 
liquid to the solid state, and is remarked only witibin a few degrees 

Yalue of H is, of course, found by the formula H=H'x ( ~———\ If, in the 

formala for H', we suhttitate for H and T' their value as stated in the text, we shall find 

ir=30 X'/'???5±??^=30-084, which is the length of a mercurial column at 60*, 
V 9996 / 

haying the same pressure as a column of mercuiy at 32°. 

The rate of the actual and not apparmt expansion is used in these formulae, because 

the length of the mercurial column, depending on atmospheric pressure, is not affected 

by the expansion or contraction of the tube. 
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of tanperatore above their point of congelation. Watir ia^ft notifd 
example of it. Ice swims upon the suifiM^e of water* and thfiiwrfipi 
must be lighter than it, a convineing proof that water in the mt/^-if 
freezing must expand. The specific gravity of ice is neariy Olfti^ 
which gives the volume of ice to that of water as 1 to 0*92 ; tlyiti% 
water expands by about 1-1 1th of its volume in passing intaioti - i 

The most remarkable circumstance attending this ex pona iaiiy i| 
the great force with which it is effected. Boyle filled a biafla Mba, 
three inches in diameter, with water, and confined it by meant .i!f 41 
moveable plug; the expansion, when it firoze, took place withaiMk 
violence as to push out the plug, though preserved in its aitoMNA 
by a weight equal to 74 pounds. The Florentine Acidemioiiaiii 
burst a hollow brass globe, whose cavity was only aa.iadk jn 
diameter, by freezing the water with which it was filled ; and it iM 
been estimated that the expansive power necessary to produce aiA 
an effect was equal to a pressure of 27,720 pounds w^giktk 
Major Williams gave ample confirmation of the same fiict by tfntm 
experiments which he performed at Quebec in the years 17S4i aaA, 
1785. (Phil. Trans. Ed. ii. 23.) 

But it is not only during the act of congelation that watec 
pands ; since it begins to dilate some time before it actually 
Dr. Croune noticed this phenomenon so early as the year 1081^ 
and it has since been observed by various philosophers. To tvoAm 
this obvious, fill a flask, capable of holding three or four oa]|0e%- 
with water at the temperature of 60% and adapt to it a t mJ k^ 
through which passes a glass tube open at both ends, about Ae 
eighth of an inch wide, and ten inches long. After having filled 
the flask, insert the cork and tube, and pour a little water iirto the 
latter till the liquid rises to the middle of it. On immendsg the 
flask into a mixture of pounded ice and salt, the water at first cM« 
tracts, and therefore descends in the tube ; but soon after aa <Pfp^ 
site movement ensues, indicating dilatation, though the water widiiii' 
the flask is at the same time yielding heat to the freezing mixtiM 
in which it is immersed. 

To the inference deduced from this experiment it was objeeted^ 
that the ascent of the water in the tube is not referable to expasMioii 
in the liquid, but to contraction of the flask, diminishing iti 
capacity. In fact, this cause does operate, though not to a d^ree 
sufficient to account for the whole effect ; and, accordingly, it has 
been proved by an elegant and decisive experiment of Dr. Ho^, 



tft^ va^ AfleateBlly eipSd preViotis fo'cflBgdaHon. He believes 
tlie greatest density of water to be between 39-5" 4(1°; that is, 
boiling irater obeys the nsual law til] it has cooled to the Icnipeni- 
tore of abont 40", after which the abstraction of heat produces in- 
crease instead of decrease of volume (Phil. Trans. Ed. v. 879). 
Hallstrom, who has examined this point »ith much care, eslimateB 
it at 89". 

TTie eatise of the expansion of water at the moment of freezing 

JB attributed to a new and peculiar arrangement of its particles. 

ICe is in reality crystallized water, and during lis formation the 

pftrtieles arrange themselves in ranks and line«, which cross each 

other at angles of 60° and 120°, and consequently occupy more 

space than when liquid. This may be seen by examining the 8\a- 

face of water while freezing in a saucer. No very satisfiiclory 

reason has been assigned for its expansion prior to congelation. It 

10 BUpposed, indeed, that the water begins to arrange itself in the 

I AHer it will assume in tlie solid state before actually laying usid« 

I #e liquid form ; and this explanation is generally ndmitted, not so 

I much because it has been proved to be true, but because no better 

P^U been offered, 

I '-Water is not the only liquid which expands under reduction of 
It^ti^perature, as the same effect has been observed in a few others 
I lAicb assume a highly crystalline structure on becoming wlid ;^ 
I fined iron, antimony, zinc, and bismuth) are examples of it. Mer- 
I »tty is a remarkable instance of the reverse ; for when it freezes, it 
[ Bftffcrs a very great contraction, 'U 

I ('As the particles of air and aeriform substances arc not held tog«^ 
f tjltr by cohesion, it follows that increase of temperature must occa- 
I son a considerable dilatation of them ; and, accordingly, they are 
I ^BUnd to dilate from equal additions of heat much more than solids 
Ijnr liquids. Now, chemists are in the habit of estimating the 
■ "ynntitjr of the gases employed in their experiments by measuring 
F'tbem ; and since the volume occupied by any gas is so much ia- 
FilfMneed by temperature, it is essential to accuracy that a duo cor- 
P^^Gtion be made for the variations arising from this cause ; lliut 
Lj^y should know how much dilatation is proiluccd by each degree 
ft)^.the thermometer, whether the rate of expansion is uniform at all 
Ufgnperatuies, and whether that ratio is the same in all gases. 
^nyi)" Htbject had been uusoccesafully iQvegtigated by several 
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pliiloHOpliers, who failed in tlieir object chiefly because they negpi 
lected the precaution of drying the gases upon which they operaUt 
ed ; but at last the law of dilatation was detected by Dalton and 
Gay-LuBsac nearly at the same time. Dalton's method of openfej 
ing (Manchester Memoirs, v.) was exceedingly simple. He filled! 
with dry mercury a graduated tube, closed at one end and carefullj! 
dried ; and then, phmging the open end of tlie tube into a mercu- 
rial trough, introduced a portion of dry air. After having marked 
the bulk and temperature of the air, he exposed it to a gradually 
increasing heat, the exact amount of which was regulated by a thei^ 
mometer, and observed the dilatation occasioned by each increase of 
temperature. The apparatus of Gay-Lussac (An. de Ch. v. 48) 
was the same in principle, but more complicated, in consequence of 
the precautions he took to avoid every possible source of fallacy. 

It is proved by the researches of these philosophers, that all 
gases undergo equal expansions by the same addition of heat, sup- 
posing thera placed under the same circumstances ; so that it is 
sufficient to ascertain the law of expansion observed by any one 
gas, in order to know the law for all. The experiments of Gay- 
Lussac shew, that 100 parts of air in being heated from 82° to @19KJ 
expand to 187"5 parts. The increase for 180 degrees is therefore 
0'375 or Vtr^ths of its bulk ; and by dividing this number by ISQ^ 
it is found that a given quantity of dry air dilates to Tisth of the 
volume it occupied at 3SP, for every degree of Fahrenheit's thermo-^ 
meter. The result of Dalton's experiments corresponds very nearly" 
with thi 

This point being established, it is easy to ascertain what volume 
any given quantity of gas should occupy at any given temperstuieaA 
Suppose a certain portion of gas to occupy 20 measures of a graduS 
ated tube at 32°, it may be desirable to determine what would b^ 
its bulk at 42°. For every degree of heat it has increased by tiath 
of its original volume, and therefore, since the increase amounts t^' 
ten degrees, the 20 measures will have dilated by i^Aths. Th^* 
expression will therefore be 20 + 20X:iVV=20'416. The voluma 
which the gas occupies at 32" is a necessary element in all such cajrf 
culations. Thus, having 20'416 measures of gas at 42°, the c(»4 
responding bulk for 52° cannot be calculated by the formula SO'Alfi 
+20-416^; the real expression is 20-416 + 20^%, because tlif 
increase is only jVoths of the space occupied at 32°, which is 
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measures.* A similar remark applies to the formuU for estimating 
the effect of heat on the height of the barometer. 

The rate of expanBion of atmospheric air at temperatures exceed- 
ing 212° has been examined by Dulong and Petit, and the follow- 
ing table contains the result of their observations, {An. de Ch. et 
PL. vii. 120.) 





TemMtalure 
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given volume 
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33 
213 
302 
303 
4S2 
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0.'. 
100,. 
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300.. 
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0.B660 
1.0000 
1.3750 
1.5576 
1.738D 
1.9189 
a.0976 
3.3125 
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Hydrogen gas was found to expand in the same proportion, so 
that all gases may be inferred to expand to the same eitent, for 

* Tbe faDoning are conveniGnl goneial formula; fur tbese colcutatlom : — L«I F' bo 
the volume of gas it any temperature above 32". T the numbei of degrees ibovo tbat 

point, and P iU rolume at 32". Then P-=P x ( 1 +^^)=Px ( ^^" ) - ■""' 
if P is unluiawn, iti value, deduced from the last equation, may be calculated fcom 
the formula P =P'x ( 5g^:f7y 

II frequently happens, in the employment of Fahieaheit'i ihennomeler, thai when F' 
foi the above formula ii known, it is not P itself which ii wnnled, but the voluioa df 
gas at some other (emperalura, as at 60° F. Thii value may be obtained withont first 
calculating what P is. Thus, retaining the value of P' and T' as in the preceding far- 
responding quantity of ga* al some other icmperalure, the de- 

(22+11). „. K., 



mu!a, let P" be Iha 

gries of wliich above 32° may be expressed by T". Now F"=' 

u P is uoknown, let its value in P' be substituted. Thus, P' 
/ PM80 -, , . , 



-)«; 



P' 480 (4BQ+ Tf:^ V 
480 (480-f-T"j 



^ 4B0-(- V ) '• 

P7480+r0 

480-t-T'. ' ■ I" t 

Suppose, for example, a portion of gas occupies 100 divisions of a graduUed titiN' M 

48°, how many will it fill at 60° F.J HereP'=100; T'=4B -32 Or 16 j T"=¥9^7f 

32, or 28. The number sought, or the F''= ^^^~^=\02A2. 
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equal increments of heat, between ; — 83** and 680* ; and= tile tSa^fie 
law prob^ibly prevails at all temperatures. )./ 



ON THE THERMOMETER. 



The influence of heat over the bulk of bodies is better fitted fct 
estimating a change in the quantity of that agent than any other of 
its properties ; for substances not only expand more and moffe ^ 
the temperature increases, but in general return exactly to thc^r 
original volume when the heat is withdrawn. The first attempt io 
measure the intensity of heat on this principle was made early in the 
seventeenth century, and the honour of the invention is by some be^ 
stowed on Sanctorius, by others on Cornelius Drebel, and by otheiB 
on the celebrated Galileo. The material used by Sanctorius: was 
atmospheric air. The construction of the thermometer itself, lOr 
thermoscope as it was sometimes called, is exceedingly simpleu A 
glass tube is to be selected for the purpose, and one end of it is 
blown out into a spherical cavity, while its other extremity is le|t 
open. After expelling a small quantity of air by heating, the baill 
gently, the open end of the tube is plunged into c(doured watai^ 
and a portion of the liquid is forced up into the tube by the preee 
sure of the atmosphere, as the air within the ball contracts,.. <>J|i 
this state it indicates changes of temperature with extreme deUoaajK, 
the alternate expansion and contraction of the confined air hmMg 
rendered visible by the corresponding descent and ascent of -tll^ 
coloured water in the stem. The material used in its construjction, 
also, is peculiarly appropriate, because air, like all gases, expands 
unifwrnly by equal increments of heat. There are, however, tw 
forcible objections to the general employment of this thermomet^. 
In the first place, its dilatations and contractions are so great, that.jt 
is inconvenient to measure them when the change of temperature is 
considea»ble ; and, secondly, its movements are influenced by pres- 
sure;/ as well as by heat, so that the instrument would be aflfepted 
by variations of the barometer, though the temperature shoulid.be 
q^te stationary. ^ ^ 

For the reasons just stated, the conmion air thermometer is 
rarely employed ; but a modification of it, described in 18.04 by 
Leslie in his Essay on Heat under the name of Differential Ther- 
mometer y is. entirely. free from the last objection, and is admirably 
fitted for some special purposes. This instrument was invented a 
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centiiry and a. half ago by Sturmius, Professor of Matliematics at 
AltdorfF, who has left a description and skcteli of it in hU Colle- 
gium Curiosum, p. 54, pubiished in the year 1676 ; but like other 
air thermometers it had fallen into disuse, till it was again brouirht 
into notice by Leslie. As now made it consists of two thin glass 
balls joined together by a tube, bent twice at a right angle, as re- 
presented in the annexed figure. Both balls contain air, but the 
greater part of the tube is filled with sul- 
phuric acid coloured with cannine. It is | 
obvious that this instrument cannot be af- 
fected by any change of temperature act- 
ing equally on both balls ; for as long as 
the air within tben[i expands or contracts 
to the same extent, the pressure on the 
opposite snrfeccs of the liquid, and con- 
sequently its position, will continue un- 
changed. Hence the differential thermo- 
meter stands at the same point, however 
different may i>c the temperature of the 
medium. Bnt the slightest difference be- 
tween the temperature of the two bails will 
instantly be detected ; for the elasticity 
of the air on one side being then greater 
than that on the other, the liquid will re- 
treat towanis the hall whose temperature is lowest. 

Solid substances are not better suited to the construction of a 
thermometer than gases; for while the expansion of the latter is 
too great, that of the fornier is so small that it cannot be measured 
except by the adaptation of complicated maebinery. Liquids 
which expand more than the one and less than the other, are 
exempt from both extremes; and, consequently, we must search 
among them for a material with which to construct a thermometer. 
The .principle of selection is plain. A material is required whose 
expansions are uniform, and whose boiling and freezing points are 
very remote from one another. Mercury fidfils these conditions 
better than any other liquid. No fluid can support a greater de- 
gree of heat without boiling than mercury ; and none, except alco- 
liol and ether, can endure a more intense cold without freezing. 
It has, besides, the additional advantage of being more sensible to 
the action of heat thou other liquids, while its (tilatations between 
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32° and 212° are almost perfectly uniform. Strictly speaking, the 
same quantity of heat does occasion a greater dilatation at bi^ 
than at low temperatures, so that, like other fluids, it expanda in 
an increasing ratio. But it is remarkable that this ratio, ■withm 
the limits assigned, is exactly the same as that of glass ; and thtm- 
fore, if contained in a glass tube, the increasing expansion of the 
vessel compensates for that of the mercury. 

The first object in constructing a thennometer is to select a 
tube with a very small bore, which is of the same diameter throngl 
its whole length ; and then, by melting the glass, to blow a small 
ball at one end of it. The mercury is introduced by rarefying the 
air within the ball, and then dipping the open end of the tube into 
that liquid. As the air cools and contracts, the mercury is forced 
up, entering the bulb to supply the place of the airwhich had been 
expelled from it. Only a part of the air, however, is removed by 
this means ; the remainder is driven out by the ebullition of the 
mercury. 

Having thus contrived that the bulb and about one-third of the 
tube shall be foil of mercury, the next step is to seal the open end 
hermetically. This is done by heating the bulb till the mercury 
rises very near the summit, and then suddenly darting a fine-point- 
ed flame from a blow-pipe across the opening, so as to fuse the 
glass and close the aperture before the mercury has had time to 
recede from it. 

The construction of a thermometer is now so far complete that 
it affords a means of ascertaining the comparative temperature of 
bodies ; but it is deficient in one essential point, namely, the ob- 
servations made with different instruments cannot be compared 
together. To effect this object, the thermometer must be gradu- 
ated ; a process which consists of two parts. The first and moat 
important is to obtain two fixed points which shall be the same in 
every thermometer. The practice now generally followed for this 
purpose was introduced by Newton, and is founded on the fiict, 
that when a thermometer is plunged into ice that is dissolring, and 
into water which is boiling, it constantly stands at the same eleva- 
tions in all countries, provided there is a certain conformity of cir- 
cumstances. The point of congelation is easily determined. The 
instniment is to be immersed in snow or pounded ice, which is 
liquefying in a moderately warm atmosphere, till the mercury be- 
comes stationary. To fix tlte boiling point is a more delicate ope- 
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ration, since the teinperature at which watci boils is affected by 
Yaiions circumstances which will be more particularly mentioned 
hereafter. It is sufficient to state the general directions &t pre- 
sent ; — that the water be perfectly pure, free from any foreign pai- 
ticles, and not above an inch in depth, — the ebullition brisk, and 
conducted in a deep metallic vessel, so that the stem of tlie ther- 
mometer may be surrounded by an atmosphere of steam, and thus 
exposed to the same temperature as the bulb, — the vapour be al- 
lowed to escape freely, — and the barometer stand at SO inches. 

The second part of the process of graduation consists in dividing 
the interval between the freezing and boiling points of water into 
any number of equal parts or degrees, which may be either marked 
on the tube itself, by means of a diamond, or first drawn upon a 
piece of paper, ivory, or metal, and afterwards attached to the 
thermometer. The exact number of degrees into which the space 
is divided, is not very material, though it would be more conve- 
nient did all thermometers correspond in this respect. Unfortu- 
nately thiftis not the case. In Britain we use Fahrenheit's scale ; 
the Continental philosophers employ cither the centigrade, or that 
of Reaumur. The centigrade ia the most convenient in practice ; 
its boiling point is 100, that of melting snow is the lero, or begin- 
ning of the scale, and the interval is divided into ICH) equal parts. 
The interval in the scale of Reaumur is divided into 80 parts, and 
in that of Fahrenheit into ISO; but the zero of Fahrenheit is 
placed 32 degrees below the temperature of molting snow, and on 
this account the point of ebullition is 212". 

It is easy to reduce the temperature expressed by one thermome- 
ter to that of another, by knowing the relation which oxista be- 
tween tUcir degrees. Thus, ISO is to 100 as 9 to 5, and to 80 as 
9 to 4 ; so that nine degrees of Fahrenheit are equal to five of the 
centigrade, and four of Reaumur's thermometer. Fahrenheit's is 
-therefore reduced to the centigrade scale, by multiplying by five, 
md dividing by nine ; or to that of Reaumur, by multiplying by 

r instead of five. Either of these may be reduced to Fahren- 
leit by reversing the process ; the multiplier is nine in botli cases, 
Bkd the divisor four in the one and five in the other. But it must 
^Ite remembered in these reductions, that the zero of Fahrenheit's 
thennowieter is S2 degrees lower than that of the centigrade or 
Reaumur, and a due allowance must be made for this circumstance. 
An example will best show how this is done. To reduce 212" to 
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ihe centigwK firet gubtract 32, whick leaves 180; and this num- 
ber iniiUiplied by ^, gives the correapoixling; eipression in the 
cm[igtade scale. Or to reduce 100° C. to Fahrenheit, muUiplyi 
bjT' J, and then add 32. To save the trouble of such reductions,:! 
iave Eulgoiued a table, which shows the de^ireea on tke centignde 
Sfnle and that of Reanmur, corresponding to the degrees of Fab* 
rcnheit's thermometer. -^ 
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'. The naercuriaT thermometer may be made to indicate : tempoM- 
tures which exceed, S12°, or fall below zero, by continning the d&J 
grees above and below those points. But as mercury freezes at SS 
degrees below zero, it cannot indicate temperatures below that 
point; and indeed the only liquid which lias been used for such 
purposes is alcohol. Our means of estimating high degrees of heat 
are as yet very unsatisfactory. Mercury is preferable to any othtx 
ii(|oid; but even its indications cannot be altogether relied on; 
Fflr, in the first place, its cipansioo for equal increments of heat is 
gteotet at high than at low tempcrjtures ; and, secondly, glass ex* 
pands at temperatures beyond 212° in a more rapid ratio than men 
cury, and consequently, from the proportionally greater capacity of 
the bulb, the apparent expansion of the metal is considerably leas 
than its actual dilatation. Thus Dulong and Petit observed, that 
when the air thermometer is at 57^°, the common mercurial therr 
niometcr stands at 586° ; but when corrected for the error caused 
by the glass, il indicates a temperature of 597.6°. No liquid cam 
be employed for temperatures which exceed 662°, since all of thenr 
arc then eitlier dissipated in vapour, or decomposed. II 

. .M. Bellain has observed that mercurial thermometers alowlyt 
dutnge' their point of zero, which uniformly becomes higher than at; 
tlie, time pf.gxaduation. This phenomenon appears owing to a d^ 
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minished capacity of llie bulb due to the atmoepliere continually 
presaing ou its exterior, while a vucuuin exists in the interior of the 
tttbe ; for it lias not been noticed either in mercurial thermometers 
vhich are uueealed, or in thermometers made with alcohol. The 
principal contraction eosuea eoon after the tube is scaled, and hence 
soma months should be permitted to elapse betvrcea the sealing 
and graduation of a thermometer. (An. de Ch. et Ph. xxi. S30.) 
The instruments for measuring intense degrees of heat are called 
pyrometers, and must be formed either of solid or geseouB sub- 
stances. The former alone have been hitherto employed, though 
the latter, from the greater uniforraity with which they expand, are 
better calculated for the purpose. The action of most pyrometers 
depends on the elongation of a metallic bar by heat ; and tlic dif- 
ficulty in their construction consists in finding an infusible metal 
of uniform expansibility, and in measuring the degree of expansion 
with exactness. The best of these is Danieirs pyrometer, which, 
with a little practice, may be used with facility, and appears sus- 
ceptible of very great precision. (Phil. Trans, 1830 and 31.) 
This instrument consists of two parts, the RcgUter and Scaie, tlic 
former designed for exposure to the heat to be estimated, and the 
latter fi)r measuring the exact amount of expansion. The first eon- 
aists of a bar of black lead earthenware, in which is drilled a hole 
3-lOthB of an inch in diameter, and 7^ inches deep. Into this 
hole a cylindrical bar of platinum or soft iron, of nearly the same 
diameter, and die inches long, is introduced, so as to rest against 
the solid end of the hole ; and upon the outer or free end of the 
metallic bar rests a cylindrical piece of porcelain, called the index, 
Ij^ inch long, and is kept firmly in its place by a strap of platinum 
and a little wedge of earthenware. The object of this arrangement 
is, that when the register is heated, the metal expanding at each 
temperature more than the earthenware case, presses forward the 
index ; and as this last moves with friction in consequence of the 
strap and wedge, it remains in its place when the register is re- 
moved from the fire and cooled. The scale is an instrument de- 
signed for measuring with minute accuracy the precise extent to 
which the index liaa been pushed forward by the metallic bar. It 
thus indicates the apparent elongation of the bar, that is, the dif- 
ference between its elongation and that of the black lead case which 
contains it. For its indications to be correct, that is, in order that 
e^Tial dilatsilions should indicate equal increments of heat, it is n«-. 



cessary that the bar and its cebc ahould both expand uniformly, at 
both vary at the same rate. Now in regard to the black lead cass, 
its total expanaion ia so very amall, that any want of uniformity at 
intermediate points cannot be detected ; but since, as will ahortty 
be more fully stated, all earthenware and other argillaceous sub- 
Btancca contract when first heated, the case must not be iised in 
pyrometry until it has been exposed in close vessels to at least as 
high a temperature as that which will afterwards be employed. 
As for the expansions of the metallic bar, these are not exactly 
uniform; but still they afford a good practical index of the relEt> 
tive intensity of different fires, and will be an exact measure of 
tcmpemture when the precise rate of expansion shall have been de- 
termined. 

The pyrometer of Wcdgewood acts on a different principle, 
being founded on the property which clay, a compound of alumi- 
nous earth and water, possesBes of gradually losing its water when 
exposed to an increasing temperature, and of contracting as the 
water is dissipated. The contraction even continues after every 
trace of water has been removed, owing to partial vitrification oo- 
cnrring, which tends to bring the particles of the clay into still 
nearer proximity. The intensity of the heat may therefore in eome 
measure be estimated by the degree of contraction which it has oc- 



I'he apparatus consists of a metallic groove, 2i inches long, the 
sides of which converge, being half an inch wide above, and three- 
tcntha below. The clay, well washed, is made up into little cylin- 
ders or truncated cones which fit tho commencement of the groove, 
after having been heated to redness ; and their subsequent con- 
traction by heat is determined by allowing them to slide from the 
top of the groove downwards, till they arrive at a part of it through 
which they cannot piiss. Wedgewood divided the whole length of 
the groove into 240 degrees, each of which he eupposcd equal to 
130 of Fahrenheit ; and he fixed the zero of his scale at the lOTTth 
degree of Fahrenheit's thermometer. 

Wedgewood's pyrometer is no longer employed by scientific men, 
because its indications cannot be relied on. Every observation re- 
quires a separate piece of clay, and the observer is never sure that 
the contraction of the second piece, from the same heat, will be 
exactly similar to that of the first ; especially as it is difGcult to 
procure specimens of the earth, the compo^tion of which 
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every respect the same. It is doubtful, too, if its point of zero 
has been coirectly estimated ; and Guyton de Morveau bus sbovn 
that each degree eorresponds rather to 62'5 than to 180 degrees of 
Fahrenheit. 

For some purposes, espccialiy in making meteorological obaerva- 
tions, it is desirable to ascertain the highest and lowest temperature 
■which has occurred in a given interval of time, during the absence 
of the observer. The instruments employed with this intention 
ore Register Thermometers, of which convenient kinds have been 
described by Rutherford (Phil. Trans. Ed. iii. 245). That for 
ascertaining the most intense cold is made with alcohol, and the 
bulb is bent at a right angle to the stem, so that the latter may 
conveniently be placed in a horizontal position. In the spirit is 
immersed a cylindrical piece of black enamel, of anch size as to 
move freely within the tnbe. In order to make an observation, the 
enamel should be brought down to the surface of the spirit, an ob- 
ject easily effected by slight percussion while the bulb is inclined 
apwards. When the thermometer sinks by exposure to cold, the 
enamel likewise retreats towards the bulb, owing to its adhesion to 
the spirit ; but, on expanding, the spirit passes readily beyond the 
enamel, leaving it at the extreme point to which it lind been eon- 
-Tcyed by the previous contraction. For ri^istering the highest 
temperature, a common mercurial thermometer of the same form as 
the preceding is employed, having a small cylindrical piece of black 
«)aincl at the surface of the mercury. When the mercury expands, 
the enamel is pushed forward; and as the stem of the thermometer 
is placed horizontally, it does not recede when the mercury con- 
tracts, but remains at the spot to which it had been conveyed by 
the previonB dilatation, The enamel is easily restored to the sm- 
fece of the mercury by alight percussion while the bulb is inclined 
'tdownwards ; but this should be performed with care, lest the ena- 
mel, in falling abruptly, should interrupt the continuity of the 
I mercurial column. The risk of this accident is lessened by putting 
some pure naphtha in the tube beyond the mercury, and its pre- 
sence is likewise of »ise in preventing the oxidation of the mercury. 
The above description applies to an improvement on Rutherford's 
thermometer, made by Adie of Edinburgh, 

Though the thermometer is one of the most valuable inatrumente 
of philosophical research, it must be confessed that the sum of in- 
formation which it conveys is very small. It does indeed poiat 
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out a difference rn tlie temperature of two or more Bubslanccs with 
great -nicety ; but it does not indicate how much heat anybody 
eoutains. It does not follow, because the thermometer stands at 
the : Bome elevation in any two bodies, that they contain equ^ 
qoantities of heat ; nor is it right to infer that the warmer possesBes 
mors of this principle than the colder. The thermometer gives 
the same kind of information which may be discovered, though less 
accurately, by the feelings ; it recognizes in bodies that state alone 
which affects the senses with an impression of heat or coH, — the 
condition expressed by the word temperature. All we learn by 
this instrument is, whether the tempeiutore of one body is greater 
or less than that of another ; and if there is a difference, it is ex- 
pressed numerically, namely, by the degrees of the thermometer. 
But it must be remembered that these degrees are parts of an arbi- 
trary scale, selected for convenience, without any reference what- 
ever to the actual quantity of heat present in bodies. 

A little reflection will evince the propriety of these remarks. If 
two glasses of unequal size be filled with water just taken from the 
same spring, the thermometer will stand in each at the same height, 
though their quantities of heat are certainly unequal. This obser- 
vation naturally suggests the inquiry, whether different kinds of 
eabstances, whose temperatures as estimated by the thermometer 
Aro' the same, contain equal quantities of heat, — if, for example, '^ 
^Kitlfid of iron contains as much heat as a pound of water or merCury. 
The foregoing remark shows that equality in temperature ia not 
BBcessarily connected with equality in quantity of heat ; and the 
inference has been amply confirmed by e\penracnt If equal quan- 
tities of water are mixed together, one portion being at 100° and 
lihe-other at 60°, the temperature of the mixture will be the arith- 
ttietical mean or 75° ; that is, the 35 degrees lost by the wann 
Walter will exactly suffice to heat the cold water by thi same num-L 
f degrees. It is hence inferred, tliM equal weights or measures 
of watw of the' same temperature contain equal quantities of heat ; 
aiid the same is found to be true of other bodies. But if equal 
wdghtB or equal bulks of rfi^crcwf substances are employed, the 
rcHilt' will be different. Thus if a pint of mercery at 100" be 
mixed with a pint of water at 40°, the mixture will have a tempe- 
rature of 60", so that the 40 degrees lost by the former, heated the 
latter by 20 degrees only ; and when, reversing the experiment, 
the water 18 at 100" and the mercury at 40", the mixture will be at 




HKAT. 

80°, the SO degrees lost by the formei causing a rise of 40 ia 
the latter. The fact ia etill. more Btrikingly diepkyed hy suhsti- 
fcuting equal weights for meaaures. For inatance, on mixing a 
pound of mercury at 160° with a pound of water at 40", & ther- 
mometer placed in the mixture will stand at 45" ; but if the oiei- 
cury be at 40° and the water at IfiO", the DiJKttirc will have a 
temperatuic of 155". If water at 100° be mixed with an equal 
weight of spennaceti oil at 40", the mixture will be found at 80"; 
and when the oil ia at 100" and the water at 40", the temperature 
of the mixture will be only 60°. 

It appears from these facts, that the same quantity of heat im- 
parts twice as high a temperature to mercury as to an equal volume 
of water; that a similar proportion is observed with respect to 
equal weights of spermaceti oil and water; and that the heat 
which gives 5 degrees to water will raise an equal weight of mer- 
cury by 115 degrees, being the ratio of 1 to 23. Hence if equal 
quantities of heat be added to equal weights of water, Bpermaceti 
oil, and mercury, their temperatures in relation to eacli other will 
be expressed by the numbers 1, 2, and 23; or, what amounts to 
the same, in order to increase the temperature of equal weights of 
those substances to the same extent, the water will require US 
^limes more heat than the mercury, and twice as mncU as the oil, 
iThe peculiarity exemplified by these substances, and which it 
i^ould be easy to illustrate by other examples, was first nolioeil 
^y Black. It is a law admitted to be universal, and may be 
thus expressed: that tqiial quantities of dilFcrent bodies require 
unequal quantities of heat to heat them equally. This djfierenw: 
pn bodies was expressed by Black by the term capacity for heat, 
•a word apparently suggested by the idea that tlie heat present in 
gny substance is contained within its pores, or in the spaces left 
between its particles, and that the quantity of heat is regulated 
by the size of the pores. And indeed at first view there appear 
Bufficient grounds for this opinion ; for it is observed, that very 
pompact bodies have the smallest capacities for heat, and that the 
capacity of the same substance often increases as Its density be- 
comes less. But, as Black himself pointed out, if this were the 
real cause of the difference, the capacities of bodies for heat should 
be inversely as their densities. Thus, since mercury is 13^ times 
denser than water, the capacity of the Litter for beat ought to be 
finly, 13^ times gretiter than t^e. former, wheicos it is 23, times as 
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great. Oil oceupice more epoce tlian an equal weight of wat«r^i 
and yet the capacity of the latter for heat is double that of tho- 
fonner. The word capacity therefore is apt to excite a wrong 
notion, unless it be carefully borne in mind, that it is merely an i 
expreasion of the fact without allusion to its cause; to avoid the.' 
chance of error from this source, the term specific heat has b^en ■ 
proposed as a substitute for it, and is now very generally em- 
ployed. I 

The singular fact of substances of equal temperature contaioingi. 
unequal quantities of heat naturally excites speculation about ita ■ 
cause, and various attempts have been made to account for it. ' 
The explanation deduced from the views of Black is the following, ■ 
He conceived that heat exists in bodies in two opposite states : in 
one it is supposed to be in chemical combination, exhibiting none 
of it§ ordinary characters, and remaining as it were concealed, with- 
out evincing any signs of its presence ; in the other, it is free and 
uncombined, passing readily from one substance to another, aSect- ' 
ing the senses in its passage, determining the height of the ther- . 
mometer, and, in a word, giving rise to all the phenomena which ■ 
are attributed to this active principle. . . 

Though it would be easy to start objections to this ingeniotu t 
conjecture, it has the merit of explaining phenomena more satisfec- . 
torily than any view that has been proposed in its place. It is r 
entirely consistent with analogy. For since heat is regarded 93. i 
a material substance, it would be altogether anomalous were it not i 
influenced, lihe other kinds of matter, by chemical affinity; and.l 
if this be admitted, it ought certainly, in combining, to lose some - 
of the properties by which it is distinguished in its free state. 11 
According to this view it is intelligible how two substances, from 
being in the same condition with respect to free heat, may have 
the same temperature ; and yet that their actual quantities of heat ■ 
may be very different, in consequence of one containing more of ' 
that principle in a combined or latent state than the other. But 
in admitting the plausibility of this explanation, it is proper to 
remember that it is at present entirely hypothetical ; and that the 
language suggested by an hypothesis should not be unnecessarily 
associated with the phenomena to which it owes its origin. Ac- 
cordingly, the word sensible is better i\isxifree heat, and insensible 
preferable to combined or talent heat ; for by such terms the fact 
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is. equally well expressed, and pliilosophical propriety strictly prc- 
Bcrved, 

It is of importance to know the specific heat of bodies. The 
most convenient method of discovering it, is by mixing different 
substances together in the way just described, and observing the 
relative qnantitiea of heat requisite for heating thera by the same 
number of degrees. Thus the heat required to heat equal quan- 
tities of water, spermaceti oil, and mercury by one degree, is in the 
ratio of S3, 11.5, and 1, and therefore their specific Iicats arc 
expressed by those numbers. Water is commonly one of the 
materials employed In such experiments, as it Is customary to 
compare the sp. heat of other bodies with that of water.* 

This method was first suggested by Black, and was afterwards 
practised to a great extent by Crawford and irvine,"f" But the 
same knowledge may be obtained by revotsing the process,— by 
noting the relative quantities of bent which bodies give out In 
cooling; for If water require 23 times more heat than mercury to 
raise its temperature by one or more degrees. It must also lose 23 
times as much In cooling. The calorimeter, Invented and employ- 
ed by Lavoisier and Laplace, acts on this principle. The appa- 
I istus consists of a wire cage, suspended in the centre of a meiallic 
I Tessel so much larger than itself, that an interval is left between 
I them, which is filled with fragments of ice. The mode of eeti- 
I mating the quantity of heat which is emitted by a hot body 
I placed in the wire cage, depends upon the fact, that ice cannot be 
f heated beyond 82" ; since every particle of heat which Is then 
Lsupplied is employed In Uqucfying it, without in the least alfect- 
mittg its temperature. If, therefore, a flask of boiling water be put 

• A formala for such calculalions ii thus deduced :— Lei lu, I, and i be the »cigh(. 
Wiperalure, and specific heat of the warmer body; ir*. i*. and i' the weight, letnpBTi-f 
'ton, ftnd specific heat of (he colder body ; and / the lempeTatura of the mixtuie. Thenj t 
the teniperatuie loiC hy the wanner body will be eipreised by (1 — 'J. and it* actual 
loBsof healbji. (l— *). tu ; while the lempetature acquired by ilie colder body will ba 
(*—('). and the whole heat gained will be represented by i'. ('—'')- «>'. As the he«' ' 
gained by the one is equal to that lost bji the other, it followi that i. (I— ')• w^**-' ' 
("(—!'). id' i andconMquenlly-^^!- ''"' ' In case of the weighti being eipral, t/t "* 

1, for equal weighti, the specific beau >re iaverielf iM.'ii 

■ ■ , ^l-j[ld'Wf> 

ind Irvine's Chemical Eiaays. ' il«lcill71<^ 
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into the cage, it will gradoally cool, the ice will continue at 3^« 
and .1 portion of ice-cold water will be formed; and the eaise 
change will happen when heated mercury, oil, or any other 8ut» | 
stance is substituted for the hot water. The sole difieience iriM ' 
consist in the quantity of ice liquefied, which will be proportionil 
to the heat lost by those bodies while they coo! ; bo that thew ' 
capiicity is determined merely by measuring the quantity of watei 
produced by each of them. This is done by allowing the watezi 
as it forms, to run out of the calorimeter by a tube fixed in ths 
bottom of it, and carefully weighing the liquid which issues. 

There is one obvious source of fallacy in this mode of operating, 
against which it is necessary to provide a remedy : namely, th« 
ice not only receives heat from the substance in the central cage, 
but must also receive it from the air of the apartment in whidt 
the experiment is conducted. This inconvenience is avoided by 
surrounding the whole apparatus by a larger metallic vessel of ths 
same form as the smaller one, and of such a size that a certaift J 
space is left between them, which is to be filled with pounded i 
or snow. No externa] heat can now penetrate to the inner vessel^ 
because all the heat derived from the apartment is absorbed b^ 
the outer one, and is employed, not in elevating its temperatia*B ^ 
but in dissolving the pounded ice within it. 

In spite of this precaution the calorimeter is not a correct i 
strument. The fragments of ice in contact with each other retaia, 
by capillary attraction more or less water, the quantity of whiob* 
varies as the fragments change their figure by fusion during 8 
experiment. Hence the water which issues, cannot be relied ofe 
as representing the quantity of ice fused. Actual cavities whereifc 
water might lodge in considerable quantity, might also be pro-i. 
duced. But the principle by which the calorimeter measures heat,? 
namely, the conversion of ice at 32" into water at 32°, is unex- 
ceptionable. 

The determination of the sp. heat of gaseous substances ia i( 
problem of importance, and has occupied the attention of several 
experimenters of great science and practical skill ; but the inquiry. 
is beset with so many difficulties that, in spite of the talent which- 
has been devoted to it, our best results can be viewed as approxt-^ 
mations only, requiring to be corrected by future research. Craw-i , 
ford, to whom we are indebted for the first elaborate investigatitav 
of the subject, conducted Lis experiments in the following manner. 
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He obtained two copper vessels made as light ia possible, and 
exactly of the same form, size, and weight : lie exhausted one of 
them, and filled the other with the gas to be examined. They 
were next heated to the same extent by immersion in hot water, 
and then plunged into equal quantities of cold water of the same 
temperature. Each flusk heated the water ; but while the exhaust- 
ed flask communieatcd solely the heat of the copper, the other 
g»ve out an equal quantity of heat from the metal of which it was 
made, together with that derived from the gaa in its interior. The 
effect produced by the former deducted from thai of the latter gave 
the heating power of the confined gas. By repeating the experi- 
ment with air and different gases, their comparative heating powers, 
or their sp. heats, were ascertained. But correct as is the leading 
principle on which these experiments were founded, the results arc 
now universally admitted to be very wide of the truth, and there- 
fore it can answer no useful purpose to cite them. The fallacy 
^ attributable to the circumstance of the heat derived from the 
: sontaining vessel being so great compared to that emtttetl by the 
I '«»ifined gas, tliat the effect ascribed to the latter is confounded 
1 inthy and materially influenced by, the imavoidablc errors of 
I wmipulation. 

The same subject was investigated by Lavoisier and Laploee by 

neans of their calorimeter, A current of gas was transmitted in a 

I !»wpentine tube through boiling water in order to be heated, and 

B then made to circulate within the calorimeter in a similar tube 

I iKtrronnded with ice, Its temperature in entering and quitting the 

FAilorimeter was ascertained by thermometers, and the heat lost by 

8Wh gas was estimated by the quantity of ice liquefied. Their 

experiments are of course liable to the objections already made to 

the calorimeter ; but a similar train of experiments, not exposed to 

this fallacy, was conducted in the year 181.3 with extreme care by 

IDelarochc and Berard. (An. de Chimic, lxxxv. and Annals of 
^hil, II.) They transmitted known quantities of gas, heated to 
fcS", in an uniform current through the calorimeter ; and, instead 
bf ice, surrounded the serpentine tube with water, the temperature 
wi which, as well as of the gas at its exit, was ascertained during the 
Marse of the process by delicate thermometers. By operating with 
8 considerable quantity of gas, they avoided the error into which 
Crawford fell ; and the experiments, though complicated and in- 
v«lvi^ various sources of error, were conducted with such skill 
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and caution, that they inspired great confidence, and are still ad- 
mitted to be more accurate than any vhich have been made on this 
difficult subject. Their results are contained in the following 
table ; the sp. heat of the gases being referred to atmospheric air 
as unity in the two first columns, and to water in the third. 



Names of Substances. 


Under equal 

Volumes and 

constant 

Pressure. 


Under ^ual Weights. 


Atmospheric air . 
Hydrogen gas . 
Oxygen gas 
Nitrogen gas . 
Nitrous oxide gas 
Oleiiant gas 
Carbonic oxide gas 
Carbonic acid gas 
Water 
Aqueous vapour 


1-0000 
0-9033 
0-9765 
1-0000 
1-3503 
1-5530 
1-0340 
1-2583 

. . 

. * 


1-0000 . . 0-2669 

12-3400 . . 3-2936 

0-8848 . . 0-2361 

10318 . . 0-2754 

0-8878 . . 0-2369 

1 5763 . . 0-4207 

1-0805 . . 0-2884 

0-8280 s . 0-2210 

. . . 1-0000 

. . . 0-8470 



Some experiments by Clement and Desormes (Journal de Phy- 
siqucj Lxxxix. 820, 1819) were confirmatory of the foregoing re- 
sults ; and Dalton, in the second volume of his Chemical Philo- 
sophy^ page 2S2f states that he has repeated the experiment of 
Delaroche and Berard on the sp. heat of atmospheric air, and is 
convinced of their estimate being very near the truth. But the 
accuracy of their results has been questioned by others, and some of 
the objections are by no means deficient in force. One of these 
was stated by Haycraft in the Edinburgh Phil. Trans, for 1824, 
namely, that the gases were employed in a moist instead of a dry 
state, a circumstance which would doubtless in some measure 
modify the result ; and others have been mentioned by De la Rive 
and Marcet (An. de Ch. et Ph. xxxv. 5, and xli. 78). For 
example, the precise temperature of the gases used in their expe- 
riments was not ascertained in an unexceptionable manner ; be- 
cause a thermometer surrounded by gaseous matter is affected, not 
only by contact with the gas itself, but likewise by the radiant 
heat emitted or absorbed by the containing vessel. It is also to be 
remarked that the heated gases, in passing through the calorimeter, 
diminished in volume in proportion as they cooled. Now it is 
found invariably that whenever the bulk of a gas is diminished^ a 
certain portion of insensible heat becomes sensible ; so that in the 
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experiments of Dckrochc and Benird, tlie heating inSuence of tbc 
gases was & complex phenomenou, paitly dependent on iLe lical 
lost in cooling, and partly on that developed by the accompanying 
diminution in volome. This last eonrce of licat ought to have 
been avoided, and in the experiments of Crawford it waa so ; for 
the heated gases with which he operated, being confined in a close 
vessel, underwent no change of volume while they cooled, thougli 
of course their elasticity was thereby diminisbed. 

These considerations led to the experiments of Do la Rive and 
Marcet, who confined the gases in a thin globe of glass, and esti- 
mated the temperature, not by a thermometer, but by the clastic 
force communicated by the heat, according to the law of I>alton 
and Gay-Lussac already mentioned (p, 31). The glass vessel was 
placed in the centre of a very thin copper globe, the inner surface 
of which was made to radiate freely by a coating of lamp-black, 
and the air between it and the glass globe was withdrawn by an air- 
pump, Tlie whole apparatus, being brought to the temperature 
of 68", was immersed during exactly five minutes in water kept 
steadily at 86" ; and the heat imparted to the copper was radiated 
&om its inner surface, and thus reached the glass globe in the 
centre. By always operating exactly in the same manner, it was 
conceived that the same volume of each gas would receive equal 
quantities of heat in equal times ; and that from tUo temperature 
thus communicated to each, its specific heat might be inferred. 
In two sets of experiments thus C'onducted, they found that each 
gas acquired the same elasticity, or was heated to the same degree ; 
and thence they inferred that gases in general, for equal volumes 
and presaures, have the same sp. heat. They also operated with 
^e same gas at different densities; and concluded that the sp. 
heat of each gas, for equal volumes, diminishes slowly as its den- 
I «ity decreases, 

In the Jn. rfe Ch. el Ph. xli. I IS, Dulong has published some 
f laitical remarks on these experiments. He argues, in the first 
ll^ce, that the quantity of gas employed was so small, tliat any 
I ■fefiect arising from a difference in sp. heat could not be apprcciat- 
I fed. He contends, further, that tlic temperature acquired by a 
8 in such experiments is not influenced by its sp. heat only, but 
Ifai part by the relative facility with which heat is transmitted 
I ^flirough the gas. It has been already observed that beat is con- 
ft^ncted by gaseous matter with extreme slowness, but is rapidly 
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diffused through it in consequence of the mobility of its particles. 
Now gases differ considerably under this point of view. Hydro- 
gen acquires the temperature of a hot body placed in it much 
more rapidly than carbonic acid ; and therefore, were the same 
volume of these gases exposed for an equal short period to equal 
sources of heat, the former would acquire a higher temperature 
simply from its conveying heat more readily. The validity of 
these strictures can scarcely, I apprehend, be denied. It maj 
therefore be inferred, that the sp. heats of the gases are not yet 
accurately known, and that the numbers stated by Delaroche and 
B^rard are probably the best approximations hitherto published. 

An elegant method of estimating the sp. heats of gases was 
founded by Dulong on La Place's formula for calculating the 
velocity of sound. This formula is indeed admitted as exact by 
the highest authorities ; but as I entertain much doubt of its 
accuracy, I forbear to give Dulong's results obtained through its 
means, and simply refer to his essay (An. de Ch. et Ph. xli. 113). 
The theoretical reader may also consult the ingenious formida 
lately given by Apjohn for calculating sp. heats, founded oh his 
method of finding the relation between the dew-point and the in- 
dications of the wet-bulb hygrometer. The accuracy of his method 
has scarcely as yet been sufficiently tested for inspiring full con- 
fidence in the results of the calculation. (Phil. Mag. & An. vii. 
385, and viii. 21.) 

The circumstances which merit particular notice, concerning the 
sp. heats of bodies, may be arranged under the eight following 
heads : — 

1. Every substance has a sp. heat peculiar to itself; whence it 
follows, that a change of composition will be attended by a change 
of sp. heat. 

2. The sp. heat of a body varies with its form. A solid has a 
smaller sp. heat than the same substance when in the state of a 
liquid ; the sp. heat of water, for instance, being 9 in the solid 
state, and 10 in the liquid. Whether the same weight of a body 
has a greater sp. heat in the solid or liquid form than in that of 
vapour, is a circumstance not yet decided. The only experiments 
in point are those of Crawford, and Delaroche and Berard. The 
former estimated the sp. heat of vapour at 1*55, and the French 
philosophers at 0*847, compared to that of water as unity ; nor is 



it possible to say which of these widely discordant results is oearer 
tlie truth, as neither can be relied on with confidence. 

3. When a given weight of any gas is made to vary in density 
and volume while its elasticity is unchanged, as when air confined 
in a tube over mercury is heated and Buffered to expand without 
variation of pressure, the sp. heat is believed to remain constant. 
Oascous matter, being free from the disturbing agency of cohesion, 
is very equably influenced by heat : according to our best observa- 
tions, equal increments of heat, when the elasticity is constant, 
give rise both to equal increments of temperature and equal eipan- 

4. Of the sp. hcata of equal volumes of the same gas at a varying 
density and elasticity, as when air is forced into a bottle with differ- 
ent degrees offeree, nothing certain has been established; for the 
experiments of Dc la Rive and Marcet, above described, have led 
to no decisive conclusion. 

5. The Ep. heats of equal weights of the same gas vary as the den- 
sity and elasticity vary. Thus, when 100 measures of air expand by 
diminished pressure to £00 measures, its sp. heat is increased ; and 
when the same quantity of air is compressed into the space of 50 
measures, its sp. heat is diminished. The exact rate of increase is 
unknown ; but, according to Delaroehe and Bt-rard, the ratio is less 
rapid than the diminution in density ; that is, the sp. heat of any gas 
being 1, it is not 2, but between one and two, when its volume is 
doubled. 

6. The sp. heats of solids and liquids were formerly thought, es- 
pecially by Crawford and Irvine, to be constant at all temperatures, 
so long as they suffer no change of form or composition. Dalton, 
however, (Chemical Philosophy, part I. p. 50,) endeavours to 
show that the sp. heats of such bodies are greater in high than at low 
tempeiaturcs ; and Petit and Dulong, in the essay already quoted, 
have proved it experimentally with respect to several of them. 
Thus the mean sp. heat of iron between 



0° C and 
0° C 
0° C 
0" C 



100° Cent 
200° C 
300» C 
350° C 



0.U50 
0.I31S 
0.1255 



and the same is true of the substances coatiuncd in the following 
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Mean Sp. Heat 
between (fi and 100® C. 


Mean Sp. Heat 
between O^' and 300^ C. 


Mercury • • 

Zinc 

Antimony . 

Silver 

Copper 

Platinum 

Glass 


. 0-0330 . 

0-0927 
. 0-0507 . 

0-0557 
. 0-0949 . 

0-0355 
. 0-1770 . 


. 00350 
0-1015 

. 0-0549 
0-0611 

. 0-1013 
0-0355 

. 0-1900 



It is difficult to determine whether the increased sp. heat observed 
in solids and liquids at high temperatures is owing to the accumu- 
lation of heat within them, or to their dilatation. It is ascribed in 
general to the latter, and I believe correctly ; because the expan- 
sion and contraction of gases by change of pressure, without the aid 
of heat, is attended with corresponding changes of sp. heat. 

7. Change of sp. heat always occasions a change of temperature. 
Increase in the former is attended by diminution of the latter ; and 
decrease in the former, by increase of the latter. Thus when air, 
confined within a flaccid bladder, is suddenly dilated by means of 
the air-pump, a thermometer placed in it will indict the produc- 
tion of cold. On the contrary, when air is compressed, the corre- 
sponding diminution of its sp. heat gives rise to increase of temj>era- 
ture ; nay, so much heat is evolved when the compression is sudden 
and forcible, that tinder may be kindled by it. The explanation 
of these facts is obvious. In the first case, a quantity of heat be- 
comes insensible, which was previously in a sensible state ; in the 
second, heat is evolved, which was previously latent. 

8. An important relation between the sp. heats of some elementary 
substances and their equivalents was discovered by Dulong and 
Petit, namely, that the product of the sp. heat of each element by the 
weight of its atom is a constant quantity. This relation, if general, 
would be of great interest, as leading directly to the inference that 
the atoms of elementary substances are associated with equal quan- 
tities of heat, and enabling chemists to calculate either the sp. heats 
of elements firom their equivalents, or conversely their equivalents 
from their sp. heats. (An. de Ch. et Ph. x. 408.) The relation 
above alluded to was exemplified by Dulong and Petit by a table 
similar to the subjoined. 
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Lead 

1^ . 

Zinc 

Tellurium 

Copper 

Nickel 

Iron 

Sulphur 

Platinum 

Bismuth 

Cobalt 

Arsenic 

Carbon 

Iodine 

Phosphorus 

Mertury 

Silver 

Gold . 



Specific 
Heat. 

00293 

0-0514 

00927 

0-0912 

0-0949 

0-1035 

0-1100 

0-1880 

0*0355 

00288 

01498 

0*081 

0-25 

0*089 

0*385 

0*0330 

0-0557 

0-0298 



Relative Weights 
of Atoms. 



X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 



103 

57 

32 

32- 

31' 

29' 

28 

16* 

98- 

71 

29* 

87- 
6*12 
126* 3 

15- 7 
202 
108 
199. 



Product of the Sp. Heat 

of each element by the 

weight of its atom. 

= 3*0353 

= 2-9760 

= 2-9942 

= 2*9457 

= 29988 

= 3*0532 

= 3-0800 

= 3-0268 

= 3-3098 

= 20448 

= 4-4191 

= 3-0637 

= 1*5300 

= 11-2407 

7 = 6*0446 

= 6-6660 

= 60)56 

2 = 6*9361 



6 
9 
3 
3 
6 
5 

1 
8 

5 
7 



It will be observed on inspecting the last column of the table, 
that the product of the sp. heat into the equivalent is very nearly 8 
for the first nine substances. Platinum deviates visibly from the law ; 
and bismuth, cobalt, and iodine, strikingly. The four last elements 
would nearly coincide with the law, were their respective equiva- 
lents estimated at half the numbers given in the tables, as would 
carbon were its equivalent doubled. These coincidences are too 
close and numerous to arise from chance, and justify a belief in the 
law having a real foundation dependent on the connexion between 
heat and the elementary particles of matter. The researches of 
Avogadro and Neumann give additional weight to this opinion by 
tracing the same law in many compound bodies, those compounds 
alone being compared together whose atomic constitution is similar 
(An. de Ch. et Ph. lv. 80, and lvii. 113 ; and Pog. An. xxiii. 1). 
Dalton, in his Chemical Philosophy, ii. £93, contends that the 
law cannot be true ; since, as Dulong and Petit have shown, the 
sp. heat of a substance is not constant, but varies both from a change 
of form, and even with variation of temperature without change of 
form. To the latter part of the criticism Dulong and Petit are 
certainly exposed ; but they have anticipated the former by remark- 
ing, that the law is not affected by change of form, provided the 
substances compared are taken in the same state. Future observa- 
tion must decide on the validity of this position. 
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All bodies are solid, liquid, or gaseous ; and the .form they mf 
sume depends on the relative intensity of cohesion and repuljsioiu 
Should the repulsive force be comparatively feeble, the particles 
will adhere so firmly together, that they cannot move fireely upo|L. 
one another, thus constituting a solid. If cohesion is so f^ coim- 
teracted by repulsion, that the particles move on each other fteely^ 
a liquid is formed. And should the cohesive attraction be entir^y 
overcome, so that the particles not only move freely on each other^ 
but would, unless restrained by external pressure, separate from 
one another to an almost indefinite extent, an aeriform substance 
will be produced. 

Now the property of repulsion is manifestly owing to heat ; and 
as it is easy within certain limits to increase or diminish the quantity 
of this principle in any substance, it follows that the form of bodies 
may be made to vary at pleasure : that is, by heat sufficiently in- 
tense every solid may be converted into a fluid, and every fluid 
into vapour. This inference is so far justified by experience, that 
it may safely be considered as a law. The converse ought also to 
be true ; and, accordingly, several of the gases have already been 
condensed into liquids by means of pressure, and liquids have heesk 
solidified by cold. The temperature at which liquefaction takes 
place is called the melting point, or point of fusion ; and that at 
which liquids solidify, their point of congelation. Both these 
points are different for diflferent substances, but uniformly thie 
same, under similar circumstances, in the same body. 

The most important circumstance relative to liquefaction is 
Black''s discovery that a large quantity of heat disappears, or be- 
comes insensible to the thermometer, during the process. If a 
pound of water at 82^ be mixed with a pound of water at 172% the 
temperature of the mixture will be intermediate between them, or 
102°. But if a pound of water at 172° be added to a pound of ice 
at 82°, the ice will quickly dissolve, and on placing a thermometer 
in the mixture, it will be found to stand, not at 102°, but at 32®. 
In this experiment, the pound of hot water, which was originally 
at 172°, actually loses 140 degrees of heat, all of which enters into 
the ice, and causes its liquefaction, but without aflfecting its tempe- 
rature ; whence it follows that a quantity of heat becomes insensible 
during the melting of ice, sufficient to raise the temperature of an 
equal ^ureight of water by 140 degrees. This explains the well- 
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known fact, on which the gnuluation of the thennometer ilcpentls, 
— that tlic temperature of melting ice or snow never exceeds 32". 
All the heat -which is added hccomes ineensible, till the liquefec- 
tion is complete. 

The loss of sensible heat which attends liquefaction seems essen- 
tially necessary to the change, and for that reason is frequently 
called the heat of fiuidilt/. The actual quantity of heat required 
for this purpose varies with the substance, as is proved by the fol- 
lowing results obtained by Irvine. The degrees indicate the ex- 
tent to wJiich an equal weight of each material may be heated by 
the heat of fluidity which is proper to it. 

Ileal of Fluitlity. 





Heal of Fluidity 


Sulphur 


. 143°6BF. 


Spermaceli 






. 163» 


Bees-wax 


. . 176'' 



As BO much heat disappears during liquefaction, it follows that 
heat must be evolved when a liquid passes into a solid. This may 
easily be proved. The temperature of water in the act of freezing 
remains at 82", though exposed to an atmosphere in which the 
thermometer is at zero. That the water under such circumstances 
may preserve its temperature, heat must be supplied as fiist aa it is 
abstracted ; and it is obvious that the only source of supply is the 
heat of fluidity. Further, if pure recently boiled water be cooled 
very slowly, and kept very tranquil, its temperature may be lowered 
to 21° without any ice being formed ; but the least motion causes 
it to congeal suddenly, and in doing so its temperature rises to SS". 
(Blngden in Phil. Trans. 1788.) 

The explanation which Black gave of these phenomena consti- 
tutes what is called his doctrine of latent heat, which was partially 
explained on a former occasion {page 46), He conceived that heat 
in causing fluidity loses its property of acting on the thermometer 
in consequence of combining chemically with the solid substance, 
and that liquefaction results, because the compound so formed 
does not posseaa that degree of cohesive attraction on which soli- 
E'dlty depends. When a liquid is cooled to a certain point, it parts 
irith its heat of fluidity, which is set free or becomes sensible, and 
Lthe cohesion natuml to the solid is restored. The same mode of 
I teasoning was applied by Black to the conversion of liquids into 
I fapoui^, a change during which a large quantity of heat disappears, 
different explanation of the phenomena was proposed by 
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iTTine. Obserying that a solid has a smaller sp. heat than the 
same substance frhile liquid, he aigued that this circumstance alone 
accounts for heat becoming insensible during lique&ction. For 
since the sp. heat of ice and water, or in other words, the quantity 
of heat required to raise their temperature by the same number of 
degrees, was found to be as 9 to 10, Irvine inferred that ice must 
contain one-tenth less heat than water of the same temperature, and 
that as this difference must be supplied to the ice when it is con- 
verted into water, the change must necessarily be accompanied with 
the disappearance of heat. Irvine applied the same argument to 
the liquefaction of all solids, and likewise to account for the heat 
which is rendered insensible during the formation of vapour. 

Two objections may properly be urged against the opinion of 
Irvine. In the first place, no adequate reason is assigned for the 
liquefaction. It accounts for the disappearance of heat which ac- 
companies liquefection, but does not explain why the body becomes 
liquid; whereas the hypothesis of Black affords an explanation 
both of the change itself, and of the phenomena that attend it. 
But the second objection is still more conclusive. Irvine argued 
on the belief that a liquid has in every case a greater sp. heat than 
when solid ; and though this point has not been demonstrated in a 
manner entirely decisive, yet from the experiments hitherto made, 
it appears that liquids in general have greater sp. heats than solids, 
and that therefore Irvine'^s assumption is probably correct in regard 
to them. In like manner he believed vapours to have greater sp. 
heats than the liquids that yield them ; and his opinion was sup- 
ported by the experiments of Crawford on the sp. heats of water and 
watery vapour. But no reliance can be placed on the researches of 
Crawford ; not only because his result is so different from that ob- 
tained by Delaroche and Berard, but because all his other experi- 
ments on the sp. heats of elastic fluids are decidedly erroneous 
(page 49). Indeed from the fiict of most gases having smaller sp. 
heats than liquids, it is probable that the sp. heats of elastic fluids 
in general are inferior to those of the liquids from which they are 
derived. The disappearance of heat during vaporization is not 
explicable on the views of Irvine ; it is necessary to employ the 
theory of Black to account for that change, and therefore the same 
doctrine should be applied to the analogous phenomenon of lique- 
faction. 

In speculating on the cause of the sp. heats of bodies at page 46, 



I had reeonrae to the doetrine of lat^it oir combined beat. Black 
restricted the use of this hypothesis to explain the phenomena of 
liquefaction and vaporization ; but I apprdiend it may be applied 
without impropriety to all cases where heat passes from a sensible 
to an insensible state. That this may happen, when heat enters a 
body, without change of form, is easily demonstrated. Thus, in 
order to raise an equal weight of water and mercury by the same 
number of degrees, it is necessary to add 28 times as much heat to 
the water as to the mercury ; a &ct which proves a quantity of heat 
to become insensible to the thermometer when the temperature 
of water is raised by one degree, just as happens when ice is con- 
verted into water, or water into vapour. The phenomena are in 
this point of view identical ; and, therefore, the same mode of rea- 
soning by which one of them is explained, may be employed to 
account for the other. 

The loss of sensible heat in liquefaction is the basis of many 
artificial processes for producing cold, all of which are founded 
on the principle of liquefying solid substances without supplying 
heat. The heat of fluidity being then derived from that which had 
previously existed within the solid itself in a sensible state, the 
temperature necessarily fidls. The degree of cold thus produced 
depends upon the quantity of heat which disappears ; and this again 
is dependent on the quantity of solid matter liquefied, and on the 
rapidity of lique&ction. 

The most common method of producing cold is by mixing toge- 
ther equal parts of snow and salt. The salt causes the snow to 
melt by reason of its affinity for water, and the water dissolves the 
salt ; so that both of them become liquid. The cold thus gene- 
rated is 32 degrees below the temperature of freezing water ; that is, 
a thermometer placed in the mixture would stand at zero. This is 
the way originally proposed by Fahrenheit for determining the 
commencement of his scale. 

Any other substances which have a strong affinity for water may 
be substituted for the salt ; and those have the greatest effect in 
producing cold whose affinity for that liquid is greatest, and which 
consequently produce the most rapid liquefaction. Crystallized 
chloride of calcium, proposed by Lowitz, is by far the most conve- 
nient in practice. It may be made by dissolving marble in hy- 
drochloric acid, and concentrating the solution by evaporation, till, 
upon letting a drop of it fall upon a cold saucer, it becomes a solid 
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massr. It slioiiM then be withdrawn from the fire, and when cold 
be speedily reduced to a fine powder. From its extreme deliques-j 
oence it must be preserved in well-stopped vessels. The foUowingl 
table by Mr. Walker contains the best proportions for producing 
intense cold. (Phil. Trans. 1801.) 

FRIGORIFIC MIXTURES WITH SNOW.* 



MIXTURES. 

Parts by Weight. 
Sea-salt ... 1 
Snow • . • .2 


Tl 

1 
1 

s 

i 


lermometer sinks. 
^ to — 5» 


Degree of Cold 
produced. 


Sea-salt ... 2 
Hydrochlorate of Ammonia 1 
Snow ... 5 


to— 12° 


Sea-salt . . .10 
Hydrochlorate of Ammonia 5 
Nitrate of Potassa . 5 
Snow . . .24 


to— 18° 


Sea-salt ... 5 
Nitrate of Ammonia . 5 
Snow . . .12 


to— 25° 


Diluted Sulphuric Acidt 2 
Snow . . • .3 


from -1-32° to — 23° 


55 degrees. 


Concentrated Hydrochloric 

Acid ... 5 
Snow . . • . 8 


from -f 32° to— 27° 


69 


Concentrated Nitrous Acid 4 
Snow ... 7 


from -f 32° to —30° 


62 


Chloride of Calcium . 5 
Snow ... • 4 


from -t-32° to —40° 


72 


Crystallized Chloride of 

Calcium • . .3 
Snow ... 2 


from -1-32° to —50° 


82 


Fused Potassa . . 4 
1 Snow ... 3 


from -f-32° to— 51° 


83 . 



Freezing mixtures aje also made by the rapid solution of salts, 
without the use of snow or ice : the following table, by Walker, 
includes the most important of them. The salts must be finely 
powdered and dry. (Phil. Trans. 1796.) 

I _ - 

* The snow should be freshly fallen, dry, and uncompressed. If snow cannot be 
had, finely pounded ice may be substituted for it. 
t Made of strong acid, diluted with half its weight of snow or distilled water. 



H^AY. 



6f 



i' «il I H i * I I I *i « I I I » 



' "f 



MIXTtmES. 



Parte by Weight. 
Uydrochlorate of Ammonia 5 
Nitrate of Potassa . 5 

Water . . .16 



Hydrochlorate of Ammonia 5 
Nitrate of Potassa • 5 
Sulphate of Soda ■• 8 

Water . . .16 



Nitrate of Ammonia 
Water 



1 
1 



Nitrate of Ammonia 
Carbonate of Soda 
Water 



1 
1 
1 



Sulphate of Soda • 3 

Diluted Nitrous Acid* 2 



Sulphate of Soda • 6 

Hydrochlorate of Ammonia 4 
Nitrate of Potassa • 2 
Diluted Nitrous Acid 4 



Sulphate of Soda . 6 

Nitrate of Ammonia . 5 

Diluted Nitrous Acid . 4 



Phosphate of Soda • 9 
Diluted Nitrous Acid • 4 



Phosphate of Soda . 9 
Nitrate of Ammonia . 6 

Diluted Nitrous Acid . 4 



Sulphate of Soda 
Hydrochloric Acid 



8 
5 



Sulphate of Soda 
Diluted Sulphuric Acidf 



5 
4 



Temperature falls. 



from-f-50«to-|-l0« 



from+6(h>to -f4« 



from -f-60® to -f 4<» 



from +50® to — 7<» 



from-fSOoto — 3« 



from+50oto —10« 



from +500 to— 14® 



from+60oto— 12<» 



from +60O to — 21« 



from +60® to 0® 



from +50® to +3® 



* I 



Degree of Cfdd 
produced, 

40degTeea. 



46 



46 



57 



53 



60 



64 



G2 



71 



50 



47 



These artificial processeB for generating cold are much more 
effectual when the materials are previously cooled by immersion in 
other frigorific mixtures. One would at first suppose that an un- 
limited degree of cold might be thus produced ; but it is found 
that when the difference between the mixture and the air becomes 
very great, the communication of heat from one to the other be- 
comes so rapid, as to put a limit to the reduction. The greatest 
cold produced by Walker did not exceed 100 degrees below the 
zero of Fahrenheit. 

Though we shall probably never succeed in depriving any sub- 



♦ Composed of fuming nitrous acid 2 parts in weight, and one of water ; the mix- 
ture being allowed to cool before being used. 

t Composed of equal weights of strong acid and water, being allowed to cool be- 
fore use. 
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stance of all its heat, bodies doubtless contain a certain definite 
quantity of this principle, and various attempts have been made to 
calculate its amount. Irvine made the calculation by assuming 
the actual quantities of heat in bodies to be proportional to thrir 
sp. heats, and their sp. heats to be constant so long as their fonn 
did not change. Thus, as the sp. heats of ice and water are as 9 
to 10, it followed on his hypothesis, that ice contains 1-1 0th less 
heat than water of the same temperature. But this tenth, which 
is the heat of fluidity, was found by Black to be 140 degrees ; and 
hence Irvine inferred that water at 32** contains 10 times 140 or 
1400 degrees of heat. 

To be satisfied that such calculations cannot be trusted, it is 
sufficient to know that the estimates made by different chemists 
respecting the absolute quantity of heat in water vary from 900 to 
nearly 8000.* Besides, did even the estimates agree with each 
other, the principle of the calculation would still be unsatis&ctory; 
for, in the first place, there is no proof that the quantities of heit 
in bodies are in the ratio of their sp. heats ; and, seeo&dly, the 
assumption that the sp. heat of a body is the same at all tem- 
peratures, so long as it does not experience a change of form, has 
been proved to be eironeous by the experiments of Dulong and 
Petit. 

VAPORIZATION. 

Aeriform substances are commonly divided into vapours and 
gases. The former are characterised by their ready conversion into 
liquids or solids, either by a moderate increase of pressure, the 
temperature at which they were formed remaining the same, or by 
a moderate diminution of that temperature, without change of pres- 
sure. Gases, on the contrary, retain their elastic state more obsti- 
nately : they are always gaseous at common temperatures ; and^ 
with one or two exceptions, cannot be made to change their form, 
unless by being subjected to much greater pressure than they are 
naturally exposed to. Several of them, indeed, have hitherto re- 
sisted every effort to compress them into liquids. The only dif- 
ference between gases and vapours is in the relative forces with 
which they resist condensation. 

Heat is the cause of vaporization as well as of liquefaction. A 

* Dalton's New System of Chemical Philosophy. 
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sufficiently intense Iieat would doubtless convert every liquiil and 
solid into vapour. Some bodies, however, resist the strongest heat 
of our fumaeea without vaporizing. These are said to be Jixcd in 
the fire ; those Vi-hith, under the same circumstances, are converted 
into vapour, are called volatile. 

The disposition of various substances to yield vapour is very dif- 
ferent ; and the difference depends doubtless on the relative power 
of cohesion with which they are endowed. Fluids, in general, are 
more easily vaporized than solids, as would be expected from the 
weaker cohesion of the former. Some solids, such as arseaic and 
sal-ammoniac, pass at once into vapour without being liquefied; 
but most of them become liquid before assuming the elastic con- 
dition. 

Vapours occupy more space than the substances from which they 
were produced, Gay-Lussac found that water, in passing from its 
point of greatest density into vapour, expands to 16S6 times its 
volume, alcohol to €59 times, and ether to 443 times, each vapour 
being at 212" and under a pressure of 29'92 inches of mercury. 
This shows that vapours differ in density. Watery vapour is 
lighter than air at the same temperature and pressure in the ratio 
of 1000 to 1604 ; or the sp. gr. of air being 1000, tliat of watery 
vapour is 625. The vapour of alcohol, on the contrary, is half as 
heavy again as air ; and that of ether is more than twice and a 
half as heavy. As alcohol boils at a lower temperature than water, 
and ether than alcohol, it was conceived that the density of vapours 
might be in the direct ratio of the volatility of the liquids which 
produced them. But Gay-Lussac has shown that this law is not 
general ; since bi-sulphuret of carbon boils at a higher temperature 
tlian ether, and nevertheless it yields a heavier vapour. 

The dilatation of vapours by heat was found by Gay-Lussac to 
follow the same law as gaaes ; that is, for every degree of Fahren- 
heit, they increase by Tin^h of the volume they occupied at 32". 
But the law docs not hold unless the quantity of vapour continue 
the sanae. If the increase of temperature cause a fresh portion of 
vapour to rise, then the expansion will be greater than Ta^th for 
each degree ; because the heat not only dilates the vapour pre- 
viously existing to the same extent as if it were a real gas, but 
augments its bulk by adding a fresh quantity of vapour. The con- 
traction of a vapour on cooling will likewise deviate from the above 
law, whenever the cold converts any of it into a liquid; an effect whicli 
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must happen, if ihc space had originallj contained its mnxitnuni of 
Yapoiir. These cirtuiiistancea should be held in view in estimating 
His influence of heat over the bulk of vapours. The formula of ^age 
8S, when applied to vapours, often leads to a lesult which noiuld be 
true of any gas, but which may l>e untrue for vapour by reasou of 
its light condensibility. TIiub, ]00 mea^urcB of steam at £l!2''and 
30 JDcheB bar. would (htortlicaUy occupy nearly 78 measures at 38" 
and at the same pressure ; but tliia estimate is prnclkally unta^o, 
because under the conditioas specified water cannot exist in the 
state «f vapour. 

Vftpours vary in volume under varying pressure according to the 
BUno law as gases, provided always tliat the gaseous state is 
preserved. This law, which was discovered by Boyle and Ala- 
natla, and is more fully explaincil in the section on atmospheric 
aixy merely esprceses the fact that the volume of gaseous substances 
at a constant temperature is inversely as the pressure to which 
th«y are subject. If 100 measures of steam at SIS", and under 
the atmospheric pressure, be exposed to a pressure of two atmo- 
sjJieiea, the vapour will be entirely condensed, affording an instance 
of fiiilure in the law in consequence of the gaseous state being en- 
laiely deetrojed ; but if the pressure be halved instead of douhJed, 
the^lOO measures retjuning the gaseous form, and hence acting as a 
gas, will expand to 200 meaBuies. In fact, if d be the volume 
CMTBSponding to any pressure — p, espressed in inches of mercury, we 
BbalLhave xws = ^; and hence )i^ 100 x ~. This formula gives 
the change of volume due to a change of pressure from 30 to p, tlie 
temperature being supposed at 212" in both cases, — To render 
the pteceding paragraph Intelligible to the young student, it should 
be mentioned that pressure, in reference to tie volume of gaseous 
matter, is usually expressed by the length of a column of mercury : 
B.inereuml column, 30 inches in length, presses on a given sur&ce 
with the same force as the atiuoaphere in its ordinary state ; and 
hence a 60-inch column is equal to two atmospheres, 15 inches to 
halfan atmosphere, and one inch to 1-30th of the atmospheric 
pressure. 

Vaporiiatjon is conveniently studied under two heads, — EbulU- 
lion and JEoaporalion. In thc^ first, the production of vapour is 
so rapid that its escape gives xise to a visible commotion in the 
liquid ; in the second, it parses off quietly and insensibly. 



The temperature at which vapour riBes witlt sufficient freedom 

for causing the phenomena of ebullition, is called the boiling pnittt. 
The heat requisite for this effect varies with the nature of the fluid. 
Thus, sulphuric ether boils at 96", alcohol at 176°, and pure water 
at 212"; while oil of turpentine must be raised to 316", and mercury 
to 66S", before either exhibits marks of ebullition. The boiling 
point of the same liquid is constant, so long as the necessary condi- 
tions are preserved ; but it is liable to be affected by several circum- 
Btances. The nature of the vessel has some influence upon it. Thus 
Gay-Lussac observed that pure water boils precisely at 21 2"in a metal- 
lic vessel, and at 214" in one of glass, owing apparently to its adhering 
to glass more powerhilly than to a metal. It is likewise affected by 
the presence of foreign particles ; when a few iron filings are thrown 
into water boiling in a glass vessel, its temperature quickly falls 
from 21i" to 812°, and remains stationary at the latter point. But 
the circumstance which has the greatest influence over the boiling 
point of liquids is variation of pressure. All bodies upon the earth 
are constantly exposed to considerable pressure ; for the atmo- 
sphere itself presBOB with a force equivalent to a weight of lH 
pounds on every square inch of surface. Liquids are exposed to 
this pressure as well as solids, and their tendency to take the form 
of vapour is very much counteracted by it. In fact, they cannot 
enter into ebullition at all, till their particles have acquired such 
elastic force as enables them to overcome the pressure upon tlieir 
surfaces ; that is, till they press against the atmosphere with the 
same force as the atmosphere against them. Now the atmospheric 
pressure is variable, and hence it follows that the boiling point of 
liquids must also vary. 

The pressure of the atmosphere is equal to a weight of 15" 
pounds on every square inch of snrfece, when the barometer staDdtf 
at 30 inches, and then only does water boil at 212". If the pns^ ' 
sure be leas, that is, if the barometer fall below 30 inches, then'' 
the boiling point of water and every other liquid will be lower thaii'l 
usual ; or if the barometer rise above SO inches, the temperature of 
ebullition will be proportionally increased. On this account water 
boils at a lower temperature on the top of a bill than in the valley 
beneath it; for as the column of air diminishes in length as wrf' 
aBeend> ite pressure must likewise suffer a proportional diminution. 
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The ratio between the depression of the boiling point. leaidi. 41^ 
diminution of the atmospheric pressure is so exact, that ii h»S\Ht^ 
proposed as a method for determining the heights of moiuoit^ins. 
An elevation of 530 feet makes a diminution of one degree. (iW,fdl- 
laston in Phil. Trans, for 1817.) ,. , -i 

The influence of the atmosphere over the point of ebullition' JB 
best shown by removing its pressure altogether. Robison foui4 
that fluids boil in vacuo at a temperature 140® degrees lower; 4^4^ 
in the open air (Black'*s Lectures, i. 151). Thus water boils 
in vacuo at 72% alcohol at 36°, and ether at — 44**. This 
proves that a liquid is not necessarily hot, because it boils. The 
heat of the hand is sufficient to make water boil in a yacuum, 
as is exemplified by the common pulse-glass ; and ether, under the 
same circumstances, will enter into ebullition, though its tempera- 
ture be low enough for freezing mercury. 

Water cannot be heated under common circumstances beyond 
212°, because it then acquires such expansive force as enables it to 
overcome the atmospheric pressure, and fly off in the form of 
vapour. But if subjected to sufficient pressure, it may be heated 
to any extent without boiling. This is best done by heating water 
while confined in a strong copper vessel, called Papin'*s Digester, 
In this apparatus, on the application of heat, a large quantity of 
vapour collects above the water, and checks ebullition by the pres- 
sure which it exerts upon the surface of the liquid. There is no 
limit to the degree to which water may thus be heated, provided 
the vessel is strong enough to confine the vapour; but the^ expan- 
sive force of steam under these circumstances is so enormous ^ 4o 
overcome the greatest resistance. ^ 

, In estimating the power of steam it should be remembered that 
vapour, if separated from the liquid which produced it, doe^.^iqt 
possess greater elasticity than an equal quantity of air. If,' for 
example, the digester were full of steam at 212°, no water in.tb^ 
liquid state being present, it might be heated to any degree^ ^vm 
to redness, without danger of bursting. But if water be present, 
then each addition of heat causes a fresh portion of steam to rise, 
•which adds its own elastic force to that of the vapour previously ex- 
isting ; consequently an excessive pressure is soon exerted agaii^t 
the inside of the vessel. Robison (Brewster's edition of his woxks, 
p. 25) found that the tension of steam is equal to two atmospbe^e^.fit 
244°, and to three at 270°. The results of Southern's experiifl^^t^, 
given in the same volume, fix upon 250*3° as the temperature^ .of 
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which steWn has the force of two atmospheres, on 298'4** for four, 
and S4iS'6'' for eight atmospheres. 

This subject has been examined by a commission appointed bjr 
the Parisian Academy of Sciences, and Dulong and Arago took a 
leading part in the inquiry. The results, which are given in the 
following table, were obtained by experiment up to a pressure of 25 
atmospheres, and at higher pressures by calculation. (Brande^s 
Journal, N. S. viii. 191.) 
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491-14 
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510-60 
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The elasticity of steam is employed as a moving power in the 
steam-engine. The construction of this machine depends on two 
properties of steam, namely, the expansive force communicated to 
it by heat, and its ready conversion into water by cold. The 
effect of both these properties is well shown by a little instrument 
devised by Wollaston. It consists of a cylindrical glass tube, six 
inches long, nearly an inch wide, and blown out into a spherical 
enlargement at one end. A piston is accurately fitted to the cylin- 
der, so as to move up and down the tube with freedom. When 
the piston is at the bottom of tlie tube, it is forced up by causing a 
portion of water, previously placed in the ball, to boil by means of 
a spirit-lamp. On dippinjg the ball into cold water, the steam 
which occupies the cylinder is suddenly condensed and the piston 
farced down by the pressure of the air above it. By the alternate 
application of heat and cold, the same movements are reproduced, 
' and miiy be repeated for any length of time. The moving power of 
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30-2-379 


-flr> .fr,., 




Petroleum 
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Oil of tuqietitine . 


177-87. 
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_^i,^!fhe disappearance of heat that accompanies vaporizati^. :mils 
' ;fi;l[^ained by Blaet and Irvine, in the -way already inentioQed 
^indei the head of liquefaction ; and as the objections to the views 
of Irvine were then stated, it is unnecessary to mention them on 
the present occasion. ■ jiLl n 



'-Si'gaBe'rii Wtli' a ctaiige of sp. heat and a consequent variaiion of 
I'^Jierature (page 5i). Thus when steam, highly Leutcd ami 
'Hrtnpi'e&Sedin a strong boiler, is permitted to escape by a large 
■ffliertirt*!, the sudden expansion is attended with a great loss of 
WnBlblt' heat : its tempcratiire instantly sinks so much, that the 
hand may be held in the current of vapour witliout inconvenience- 
Tlie'siine principle accounts for the fact, Grst ascertuitied by \Vatt, 
'Iniit distillation at a low temperature is not attended with any 
^li'itig of fuel. ' For wLen water boils at a low temperature JQ a 
'Vdcuiiirt, the vapour is in a highly expanded state, and contains more 
'Jfetn^ible Jieat than steam of greater density. From some oxperi- 
ttitnts by Sharpc in the Manchester Memoirs, and also by Clement 
^ftfi' Desormes, (Thenard's Clieniistry, i. 79, Bth Ed.) it appears 
tliiit the Slim of the sensible and insensible heat contained in equal 
'Weight^ of steam is exactly the same at all temperatures. Thus, 
sliiain at 212", when condensed and reduced to 82", gives out 950 
flt^jrecs of insensible and 180 of sensible heat, the sum of which is 
I'liSD. ' The same weight of steam at 250", on being eondcnstd and 
e66H-d to 'S^", gives out likewise IISO degrees, of which $1S arc 
kkiyMe and 912 insensible heat; whereas at 100" its sensiljlc 
fitiit'is 'only 68", and insensible 1062, forming the constant sum of 
•I'l'Sli. '' The same is found by Dcspreti to be Uue of varioiis 
other vapours, such as that of alcohol, ether, and turpentine. 
'" ' ' EVAPORATION. ^ 

' Evhporation as well as ebullition consists in the formation of va- 
pour, and the only assignable difference between them is, that the 
one takes place quietly, the other with the appearance of boiling. 
Evaporation occurs at common temperatures. This fact may be 
proved by exposing water in a shallow vessel to ' the air for a few 
days, when it will gradually diminish, and at last disappear en- 
tirely. Most fluids, if not all of them, are susceptible of this gra- 
dual dissipation ; and it may also be observed in some solids, as 
for example in camphor. Evaporation is much more rapid in some 
fluids than in others, and it is always found that those liquids the 
Mli«g point of which is lowest evaporate witli the greatest rapi- 
IdiSyj" Thila alcohol, which boils at a lower' temperature (nati ' 
^Erter, evaporates also more freely ; and ether, whose point of cl»iil- 
'Iftioniis yet'lower than that of alcohol, Cvaponitcs with still greater 
, japidity. 
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The chief cbcamstanceft that influence the process of evapomtiott 
aie extent of sur&ce, and the state of the air as to tempeiatuie^ dry* 
ness, stillness, and density. 

1. Extent of snr&ce. Evaporation proceeds only from tlie sinxh 
&ce of fluids, and therefore, aeteris paribus^ must depend upon 
the extent of sur&ce exposed. 

2. Temperature. The effect of heat in promoting eyapcNration 
may easily be shown by putting an e^al quantity of water into two 
saucers, one of which is placed in a warm, the other in a cold situar 
tion. The former will be quite dry before the latter has aufSered 
appreciable diminution. 

3. State of the air as to dryness or moisture. When water is 
covered by a stratum of dry air, the evaporation is rapid even whea 
its temperature is low. Thus in dry cold days in winter, the evar 
poration is exceedingly rapid ; whereas it goes on very tardily,, if 
the atmosphere contain much vapour, even though the air be very 
warm. 

4. Evaporation is far slower in still air than in a current, and fot 
an obvious reason. The air immediately in contact with the wat^ 
soon becomes moist, and thus a check is put to evaporation. But 
if the air be removed from the surface of the water as soon as 
it has become charged with vapour, and its place supplied with 
fresh dry air, then the evaporation continues without interruption*. ■ 

5. Pressure on the surface of liquids has a remarkable influence 
over evaporation. This is easily proved by placing ether in the 
vacuum of an air-pump, when vapour rises so abundantly as to prcH 
duce ebullition. 

As a large quantity of heat passes from a sensible to an insensi- 
ble state during the formation of vapour, it follows that cold should 
be generated by evaporation. The fact may readily be proved by 
letting a few drops of ether evaporate from the hand, when a strong 
sensation of cold will be excited ; or if the bulb of a thenno- 
meter, covered with lint, be moistened with ether, the production 
of cold will be marked by the descent of the mercury. But to 
appreciate the degree of cold which may be produced by evapora- 
tion, it is necessary to render it very rapid and abundant by arti- 
ficial processes ; and the best means of doing so, is by removing 
pressure from the surfece of volatile liquids. Water placed under 
the exhausted receiver of an air-pump evaporates with great rapi- 
dity, and so much cold is generated as would freeze the water, did 
the vapour continue to rise for some time with the same velocity. 





Biitttlie¥af>otur itself soon filh tBe vacuum, aad reiaicU tbe eVapo- 
ratdon by preseing upon the surface of the water. This difficulty 
may be avoided by putting under the receiver a substance, such as 
sulphuric acid, which has the property of absorbing watery vapour, 
and consequently of removing it as quickly as it is formed. Such 
is the principle of Leslie's method for freezing water by its own 
evaporation:* 

The action of the cryophorus, an ingenious contrivance of the 
late Dr. Wollaston, depends on the same principle. It consists of 
two glass balls, perfectly free from air, and joined together by a tube 
as here represented. — 
One of the balls con- 
tains a portion of dis- 
tilled water, while the 
other parts of the in- 
strument, which appear empty, are full of aqueous vapour, which 
checks the evaporation from the water by the pressure it exerts 
upon its surface. But when the empty ball is plunged into a freez- 
ing mixture, all the vapour within it is condensed ; evaporation 
commences from the surface of the water in the other ball, and 
it is frozen in two or three minutes by the cold thus produced. 

Liquids which evaporate more rapidly than water, cause a still 
greater reduction of temperature. The cold produced by the eva- 
poration of ether in the vacuum of the air-pump is so intense as, 
under favourable circumstances, to freeze mercury. •!• 

Scientific men have differed concerning the cause of evaporation. 
It was once supposed to be owing to chemical attraction between 
the air and water, and the idea is at first view plausible, since a 
certain degree of affinity does to all appearance exist between 
them. But it is nevertheless impossible to attribute the effect to 
this cause. For evaporation takes place equally in vacuo as in the 
air; nay, it is an established fact, that the atmosphere positively 
retards the process, and that one of the best means of accelerating 
it, is by removing the air altogether. The experiments of Dalton 
p*ove that heat is the true and only cause of the formation of 
vapour. He finds that the actual quantity of vapour which can 
exist in any given space is dependent solely upon the tempera- 
ture. If, for instance, a little water be put into a dry glass flask, a 
quantity of vapour will be formed proportionate to the temperature. 

* See art. Cold, in the Supplement to the Eacyclopsdia Britannica. 
' 't See a paper by the late Dr. Marcet, in Nicholson's Journal, vol. xxxiv. 
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Ifd'll|emtife]«UT»^deodJ;l|lb:stBndB.la'32^'t]lr?9a9fao^^ 
Tetytmall quantity of-raponr. At iQ", moDe-^aapmEi^ilt fexkliHT 

Huiiat 50", it niJl coatain still more ; aud at ^"j tTie quaIlljtJl^ 
will] be still further augmented. If, ttIiqh the thennometeiiiBati 
S01):titt temperature of the flask be suddenly reduced to {Wli'them 
a certain pdrtion of vapour will be converted into "Water ) iJie ^uiii« 
litjif irticli rotaiDS the elastic form being precisely the same as wAen 
Ihb tempemtuie was originally at 40". "■■■■ [ijnnlii' 

-lilt matters not, with regard to these cliangea, wheti»er tbcijaa^ 
ia\f<t]l of air, or altogether empty ; for in cither case, it niU ei/eilt* 
tully contain the same quantity of vapour, when the thezmometec 
is. at the same height. The only effect of a difference in thia le^ 
spect, is in the rapidity of evaporation. The flask, if preTioaBiy 
empty, acquires its full complement of vapour, or, in commti 
langiisge, becomes saturated with it, in an instant; ^hereaBitiio 
pDesenae of air affords a mcchaitical imi>cdimeiit to its passagd 
&om one part of the flask to another, and therefore an appreciable 
^i&e elapses before the whole space is saturated. '"'" '■'''"" 
Dalton found that the tension or elasticity of vapoui; is always 
the itomc, hiJwever much the pressure may vary, so' loiig'^'tS'ff 
temperature, remains constant, and there is liquid enougli pre^a^nt 
to preserve the state of saturation proper to the temperature. }(, 
fixi'sson^, in a fiaecid bladder containing a little water, the^jiTaS^J 
Sipe-'iti rltsiiimrfiice be diminished, the vapour in the intSrioi* will' 
rfqiand.'pr6portionaIlj, and consequently for the moment willdiinif 
imh iniSlaetieity, because the tension of gaseous substances at S con"' 
dUnt' temperature diminishes in the same ratio as the TOluBwini* 
tBaises,— or, in other words, the elasticity varies inversely as thitf 
vefeune; but the vapour in the bladder will speedily recover itS 
dr^nal tension, since the water wilt yield an additional quantity (^ 
tispour jMjoportioiial to the increase of space. Again, if tJiepwH 
airejon the bladder be increased so as to diminish its capacity,' the^ 
twroperatUTe remaining constant, the tension of the confined vapoot 
will still continue unchanged, because a portion of it will be ron- 
dense* proportional to the diminution of space ; so that, inflict, 
lihe.rcmaining space contains the very same quantity of vapour as ill 
did originally. The same law holds good, whether the vapour is' 
p(i«,.or mi^d with air or any other gas. '■■ 

uiThc' elasticity of watCry vapour at temperatures boJow 2J-)i^ vati 
cai^lIy:eMaminedby Dalton ( Manchester MeiHoirii voi;JVJ^) -f' ated' 




HEMV 7S 

lu9 reEutts, togelBcT niUt tliosft nnce published b]^ Ure (Pbilj 
Trans. ISIS), arc preflcntcd ia S' tabalsr form &l the €&il «f die 
TOEume. They were obtained by mtro<iuciiig a portion of water 
Uitfl the vBcuom of a common barometer, and ostiniBtin^ ihe tcai'i 
edoniof it£ vapour by the extent to wliich It depreased the oolamnof 
mracury at difilsrent temperatureB. 

!^ A koowledge of the influenee of heat and pressure over liio 
volume of gaseous matter Is ett^ntly cmplo}'cd in e«lculatt«^ thb 
sp. gr. of vapour ; but before giving the mode of making the Cal- 
culation, it will be useful to explain what is meant by tpecific f^/t- 
vily or daisity. These terms arc generally used to denote the 
eompactness of a substance, or the quantity of ponderable laattiiT 
contained in a body compared vith the space which it occupin. 
The ap. gr. of a substance is found by dividing' its weight by its 
volume. Thus, if d, w, c, represent the sp. gr. iieigbt and vo- 
lume of aquoous vapour, and d', w', v', the sp. gr. weight and \>i 

lume of ^, then d = -, and d' = -,. Hence, companug thtflc |f|}, 

g^yities, d : a ::_:__ ; if the volumes arc equal, then d : d' jjf^ 

lit' : w \ and If the weights are equal, A: d : : — ~y. ConBcquent- 

ly, the sp. gravities of substances which have an cquitl v^usk, ord 
directly as their weights; and when the weights are equal, thc^p;^ 
gravhieB are inversely as the volumes. Accordingly, if we wcig^ 
an equal volume of any number of substances, tempctaturo and 
pressure being the same in all, the sp. gr. of each respectively will 
be represented by Its weight. Thus, Gay-Lussac nscertaJned tltut 
if. a certain volume of air at 212" and 30 Bar. weigh 1000 gniMs, 
an equal volume of aqueous vapour, at the some temperature and 
preSBure, will weigh 625 grains; and, therefore, the sp. gr. oF 
steam is 625 compared to that of air as 1000. Atmospheric air is 
universally taken as a term of comparison for the sp. gr. of gaseous 
substances, and pure water for that of liquids and aoUds. 

As gases expand and contract, from varying tcmpemtiire and 
pressure, according to the same laws, it follows that the sp. gmvl- 
tics found at any one temperature and pressure arc constant for all 
others. Thus If air is twice as heavy as au equal volume of a cer- 
tain gas, both being weighed at 32" and 30 Bar., the same riitio 
vriW be( found at 32° tnd 1.6 Bar.i/aod at 212^ andSO Bar. The 



I 



7* 



condeft- 1 







Elajticily 




Tamp. 


inches of me 


J' 


32° 


0-2 




60° 


0-375 


^' 


■ 60° 


0-524 



same remark applies to vapours, except wlien' tliey' suffer 
sation from diminution of temperature. For example, tlie density 
of air and steam, both being weighed at 212° and 30 Bar., is ex- 
pressed by 1000 and 625 ; the same ratio is preserved at 212" and 
at any other pressure less than 30 Bar., because in that case the 
vapour will expand like air ; but if the temperature be diminished, 
condensation occurs, and the density of the vapour falls below 625; 
or if the pressure be increased, the sp. gr. of the air increases, as the 
same quantity is forced to occupy less space, while that of the va- 
pour is unaltered, the diminution of space being accompanied by a 
proportional condensation. Hence it happens that the sp. gravities 
of vapours vary with the temperature, aa is exemplified by the fol- 
lowing table, showing the greatest sp. gr. of aqueous vapoiu: at the 
temperatures stated, the corresponding elasticities agreeably to 
Dalton's table, and the weight of 100 cubic inches of the vapour. 

Weight of 100 
Sp. gr. Cubic Inches. 

5-7392 0-13716 grains. 

0-.524 
"li.iJOO" 



I In calculating these sp. gravities it is assumed that the lawe of 
gaseous expansion by varying heat and pressure are true, — that the 
sp. gr. of steam at 212° and 30 Bar. ia 625, compared to air at tlie 
same temperature and pressure as 1000, — and that 100 cubic inches 
of, air at 212- and 30 Bar. weigh 23-94 grains. The formula for 
t^ye calculation is thus deduced : — If d is the sp. gr. of aqueous 
vapour at any pressure p, then since both the sp. gr. and elasticity 
of gaseous substances vary inversely as their volume, the sp. gr. and 
elasticity are proportional to each other ; so that d : 625 : : p : 30, 

and hence d = 625.—. This gives the sp. gr. of aqueous vapour 

at 212° and with an elasticity equal to p. In this state the va- 
pour is rarefied, and will admit of being cooled down to a certain 
point, but not lower, say to ( degrees above 32", without condensa- 
tion ; and when it has reached that point, its sp. gr. has acquired 
a maximum. Its elasticity remains unchanged, because the loss of 
tension due to loss of heat is compensated for by diminution of 
volume. Its sp. gr. has increased exactly in the same ratio as its 
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tofolBehafrdiaiiiiiihed, and therefore the formula of page 86 in** 
Yoded will give the increased sp. gr. owing to decrease o( tempe- 
rature. Hence we shall have d=:625.^ For er- 

^'^ 30480 + e • ^ 

amiple, if we wish to calculate the greatest sp. gr. of aqueous vapour 
at 100^ P., then *= 68, and the elasticity of that vapour by Dal- 
ton'% table is 1*86. Inserting these values of t and p in the preced- 

1-86 660 
ing formula, we shall find d = 625. — ^- — = 46-6697. 

It admits of inquiry whether liquids of weak volatility, such as 
mercury and oil of vitriol, give off any vapour at common tempera- 
tures. An opinion has prevailed, that evaporation not only takes 
place firom the surfiice of these and similar liquids at all times, but 
that vapour of exceedingly weak tension is emitted at common tem- 
peratures from all substances however fixed in the fire, even from 
the earths and metals, when they are either in a vacuum, or sur- 
rounded by gaseous matter. It has accordingly been supposed, 
that the atmosphere contains diffused through it minute quantities 
of the vapours of all the bodies with which it is in contact ; and 
this idea has been made the basis of a theory of the origin of me- 
teorites. But this doctrine has been successfully combated by Fa- 
raday, in his essay On the Existence of a Limit to Vaporization 
(Phil. Trans. 1826). The argument employed by him is founded 
<» the principle by which Wollaston accounted for the limited ex-» 
tent of the atmosphere. Since the volume of gaseous substances 
depends on the pressure to which they are subject, the air in the 
higher regions of the atmosphere must be much more rare than that 
in the lower, because the former sustains the pressure of a shorter 
atmospheric column than the latter ; so that in ascending upwards 
from the earth, each successive stratum of air, being less compress- 
ed than the foregoing, is likewise more attenuated. Now it is 
foimd experimentally that the elasticity or tension of any gaseous 
matter diminishes in the same ratio as its volume increases ; and, 
accordingly, whenever the tenuity of a portion of air, owing to its 
distance from the earth^s surface or any other cause, is exceedingly 
great, its tension is exceedingly small. Reasoning on this princi<« 
pie, Wollaston conceived that at a certain altitude, probably at a 
distance of 40 or 50 miles from the surface of the earth, the rare- 
faction and consequent loss of elastic force is so extreme, that the 
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W hat Wolla^tOD suggesled of nenal p itticlcs Faraday inJt^b^M 
to occur m all sulistincee and this supp* ^ition h perfectly Te^rtS^ 
mate, botause gastous matter in general is stibiect to thf- sattf H# 
of expansion, and is likewise under the inSneni-t, of pm^lt^ Hi 
iiifws that every kind of matter ceases to assume the el istre fcWoj 
ttben«Ttr the gravitation of ita particles is stronger than th^ feMtP 
orfiy of Its vapour The loss of tension neceasarv tor effbttiW^ IIIH 
qbject may be aceomphshed in two wavs, cither b\ eictrnTiC dJIitft' 
tron or b) cold For substances of great \olatihtT, siieh a^ alt 
find most gnse" the former condition is necessary because the i16- 
f^ixi of co!d winch we can command at tlie earths surface dim! 
mslies their tension m a degree quite insufficient to destroy IhAi 
elfc«icity Bnt the ^olatihtv of numerous bodies !S to timill tWId 
Ibeir lapour at common temperatures approximates in nrit\ to tKd 
air at the hmits of the atrarsphere and a Binill degree of cold may 
suffice for rendering its elasticitv a force mfenor to ils oj p ncnt, 
gravitV lu that case, the \apour would be entireU condensed 
PiawdttT' found that mercUrj at a temperature \ar\ing fr ni 60* td 
S&^i, vielife a small quintity rf vapour but ra winter n tnce At 
M^oUt conld be detected Hence it is inferred that at tl e forfnci' 
lem^cr&ture the elastic ty of mercurial vapour is sb^'btly supt.hot't<V 
ihe g»Vity of its particles an! that in cold ■neathrt' the lattll^ 
ptJw^P prtponderates and puts an entire cluck to tie eTa|)otation 
•f IHfereurj The earths and mettla which are mere fixei thiW 
iWtaedrv 'ha\ e vapours of such feeble tcn=-ion tint the higllb^t ii^' 
tfttftil tehlp^rature 19 unable to cfuvcrt them mto ^aprt^^ j^iliili^^ 
foKCj ■which co-operates with gra^itj m oiuccoming (JasUf't^ij iS 
the attraction of ag^rregation or the jttnction exerted by a solid or 
IbcfmA on the contiguous particles of the same snbetance in the gig^^ 
ova form — ^This arniiment affords very sufficient gi'ounda Hbt brfj 
hevmg that the vapoure of earthy lud met^lhc eubstaiwcs' art; lievS 
present in the itmcsphcrc anl Fara lay his pru\ed that sc\ei^ 
Cnemical agents kept m i confine 1 spate with moisture during four 
^ars, did not iudei;go the slightest evaporation (JouiDiS of Vkg 
R^XtisU I. . N. h.) -. ITT 

lijiTlit. presence of vapour has a couBiderable influence OTer'^g 
bttlki : t»f gtecs.; 4nd as chemista often determine the qtiintitffJ*f 
gwCjaUs Eu]itUuicQS'Lf3nQLCaiiilr<^jdLie.iiiipost<Sit!^to-«9tMDatf9lJie/li^ 
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wljicli a vapour acts is obvious. Wheu two gasea, nliitji do not ^t 
^^IffiJly.i^.eaFli otUoi;, are intctniingJed, esdj letain&tUe.iettfst!- 
jCjj^,^il)^4.'l*,M^- ™luP'<^> exat'tly as if the otLcrgas^'ore abBeiiti 
^{il|^|j^^c j cla^ticit:/ of tlie mixture is the sum of the cl^ic forces 
^its ii)g;-e(Iients, , The same remark applica to the miitute of 
sg^ ^d lyapoui-s. If a few drops of water are added to a pMF< 
^pjifi.of.^fy oJ?"! conimcd in a glass tube over mercary, the tir will 
U^ililj! Jjecpme saturated »ith vapour, aod must in consequence 
^ , jiiijr^aaert in buJk. J'or the elastic power of the vapour being 
jj^d^d 1^. thatiipreyiously exerted by the gas alone, the mixttm 
^l.ifiec^^SJjrily exert a stronger pressure upon tiic mercury tlint 
jpafilics, it,, and ^ill therefore occupy a greater spacu. Jt is equally 
^ear that the degree of augmentation will depend on the teinpfn 
j^t^rc,; for it is the temperature alone wlicU detennines the eltatU 
gjty.cif the viipour. ■ i.li 

„j,^£j,fl(e ;elaaticity of vapour is not at all uflTected by mrre^dniiii- 
tjL^e,|iyftJ^,ga?es, it is easy to correct the falliicy to which ita pre* 
Bpufc., gives rise, by racans of the data fumislieil by the espcri- 
inentp of Daltgn. The formula, for the correction is thus iltducetlJ 
^,et p be the bulk of dry air or other gas cipresse*! in the degreM 
y|,a gtadtuitcd tube; p the elasticity of the dry air, equal to.t^ 
|,t^osph<;ric pressure as measured by a barometer ;. x' Lb#i,hiU)tiiaf 
^Pi,aic ^'lien saturated with watery vapour, andythe elfatiqity'idf 
^at vapour (Blot's Traitc de Phys. I. 303). Now, aa the., eltu^ 
city of a gas for equal temperatures is inversely ;tia its Toltlpi^ 
i^, folloffs that when the dry ait increases in bulk from n-ito Vnita 
eloatictty will diminish in the ratio of h' ton. Hence it8,e)^ti(!tt}) 

eiaxea to be = p, and is expressed by i-- ; p is then = ^ ^Ti 
„ ■., ,. n ' . K-i'. mil 

tha^ ia, the elaetidty of the moist air, added to the elasticitJjfTfMl 
the vapour present, is equal to the pressure of the atmospkemo 
f nmi this last equation arc deduced the following vuluea ; pnn0 

h'^pn'; pn=p7tf~fn; and «= "LSlrll. One'exampt? 

,, p ■ ■ ■^■"'■^'■1;' 

Till suffice for showing the use of this formula. HanAg '-lOdT. 
measures of air saturated with watery vapour at 6iD", the btril 
Sietei standing at 30 inches, how many measures would the ' air 
tecupf if quite dry? 7('=zlO0; p=SO; f—^Jb9A, ^e tension 
i^iWltcr3f!;.'iE*|iour'iit €0", .aocMrding lo X^lbon's tobl^ ^ 'He»«q; 





BWer required. 

The preceding formula is true only when the gaa is c6iifiWe3'in 
a space which readily enlargfcs proportionally to the additioiial pi^^- 
Bure, as wlien a tube full of air is inverted over mercury. If tHh 
gas is contained in a space which docs not admit of enlargCmMiti 
and a drop of water is admitted, the aqueous vapour adds' its' Elas- 
tic force y" to that of the gasjj, causing the pressure agaiiiat' tl^i 
containing vessel to be equal to p +f. '" 

The presence of aqueous vapour in the atmosphere is owin^^6 
evaporation. All the accumulations of water upon the surfiic'e 'df 
the earth are subject by its means to a natural distillatiori ; ih^ 
impuritieH with which they are impregnated remain behind, while 
the pure vapour ascends into the air, gives rise to a multitude of 
meteorological phenomena, and after a time descends again upoij 
the earth. As evaporation goes on to a certain extent eVeri ^t 
low temperatures, it is probable that tte atmosphere is never absii^ 
lutely free from vapour. *' 

The quantity of vapour present in the atmosphere is very Vari- 
able, in consequence of the continual change of temperatuie to 
which the air is subject. But even when the temperature is tie 
same, the quantity of vapour is still found to vary ; for the air is 
not always in a state of saturation. At one time it is excessive- 
ly dry, at another it is fully saturated ; and at other times it 
varies between these extremes. This variable condition of the 
atmosphere as to saturation is ascertained by the hygrometer. ' ' ' 

A great many hygrometers have been invented ; but they mi|i' 
all be referred to three principles. The construction of the first 
kind of hygrometer is founded on the property possessed by some 
substances of expanding in a humid atmosphere, owing to a de- 
position of moisture within them ; and of parting with it again 
to B dry air, and in consequence contracting. Almost all bodies 
have the power of attracting moisture from the air, though iii 
different proportions. A piece of glass or metal weighs sensibly 
lesa when carefully dried, than after exposure to a moist atmo^ 
sphere ; though neither of them is dilated, because the water can-' 
not penetrate into their interior. Dilatation from the absorption 
of moisture appears to depend on a deposition of it within the tex- 
ture of a body, the particles of which are moderately soft' ttaA 




yielding. The lijgrornetric property therefore belongs chiefly, to 

(ftganic substances, such as wood, the beard of corn, whalebone, 
hair, and animal membranes. Of these, none is better than the 
hjiman . hair, which not only elongates freely from imbibing incist- 
•ipq,, but, by reason of its elasticity, recovers its original length 
^ l^rying. The hygrometer of Saiisaure is made with this 
anaterial. 

3'he second kind of hygrometer points out the opposite states of 
dryness and moisture by the rapidity of evaporation. Water does 
not evaporate at all when the atmosphere is completely Baturated 
with moisture; and the freedom with which it goes on at other 
^imes, is in proportion to the dryness of the air. The hygromclrie 
condition of the air may be determined, therefore, by observing 
the rapidity of evaporation. The most convenient method of do- 
ing this is by covering the bulb of a thermometer with a piece of 
Bilk or linen, moistening it with water, and exposing it to the air. 
The descent of the mercury, or the cold produced, will correspond 
to the quantity of vapour formed in a given time. Leslie's hypo- 
meter is of this kind. 

The third kind of hygrometer is on a principle entirely different 
from the foregoing. When the air Is saturated with vapour, and 
any colder body is brought into contact with it, deposition of 
moisture immediately takes place on its surface. This is often 
seen when a glass of cold spring water is carried into a warm room 
in summer; and the phenomenon is witnessed during the format 
tion of dew, the moisture appearing on those substances only 
■which are colder than the air. The degree indicated by the thci- 
mometer when dew begins to be deposited, is called the dew-point. 
Jf the saturation be complete, the least diminution of temperature 
is attended with the formation of dew ; but if the air is dry, a 
body must be several degrees colder before moisture ia deposited 
on its surface ; and indeed the drier tlie atmosphere, the greater 
will be the difference between its temperature and the dew-point. 
Attempts were made to estimate the hygromctric state of the air 
on this principle by the Florentine Academicians, but the first 
accurate method was introduced by Le Roi, and since adopted by 
Dalton. It consists simply in putting cold water into a glass 
vessel, the outside of which is carefully dried, and marking the 
tpmperature of the liquid at which dew begins to be deposited oii 
^t|e glass. The water when necessary is cQoled either by meftna of 
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ice or a freeang mixture. A convenicTit form of appnratiiB is It 
small cup made of thin silver, nicely gilt on tlic outside, 'capable 
of holding about lialf an ounce of water, and fitted into a case of 
turned wood lined with clotli, which serves as a stand for the cnp 
during an observation. The water is cooled by successively adding 
a few grains of a powder made of equal parts of nitre and Bal- 
ammoniac intimately mixed, stirring with the bulb of a small thcN 
mometcr. As soon as dew is deposited, the temperature is noted ; 
and the first observation is corrected by waiting until the cup and 
its contents grow warmer, and observing the temperature at which 
the dew begins to disappear. The last observation is the most 
trustworthy. This method, when deliberately performed, so thai 
the cup, the solution, and the thermometer should have time to 
acquire the same temperature, is susceptible of great precision. 

The hygrometer of Daniell, described in his Meteorolopcal 
Essays, acts on the same principle. It consists of a eryophorus, as 
described at page 71i but modified somewhat in form, and con- 
taining ether instead of water. Within one of its balls is iixed a 
delicate thermometer, the bulb of which is partially immersed in 
the ether so as to indicate its temperature, and the other ball is 
covered with muslin. When the instrument is used, the muslin 
is moistened with ether, and the cold produced by its evaporation 
condenses the vapour within the eryophorus, and causes the ether 
to evaporate rapidly in the other ball. The cold thus generated 
chills the ether itself and the ball containing it ; and in a short 
time its temperature descends so low, that dew is deposited on the 
Gui&ce of the glass. As soon as this takes place, the temperature 
is observed by the thermometer. 

The same object is attained in a still easier way by means of a 
contrivance described by Jones of London (Phil. Trans. 1826), 
and soon after by Coldstream of Lcith (Phil. Joum. ix. 155), It 
consists of a delicate mercurial thermometer, the bulb of which is 
made of thin black glass, and, excepting about a fourth of its sup- 
fece, is covered with muslin. On moistening the muslin with 
eUier, the temperature of the bulb and mercury falls, and the un- 
covered portion of the bulb is soon rendered dim by the deposition 
of moisture. The temperature indicated at that instant by the 
thermometer is the dew-point. It appears from some remarks by 
Daniell in the Quarterly Journal of Science, that this hygrometer 
was originally invented in Germany ; so that Jones and Coldstream 





inre Moconct ijivcntora. I'feiiicil considers the instnimcnl inacciirfttr, 
■jfteliering tliat. as the cllicr in applied to a part only of the holb, 
^tite mtrcury within will be cooled Hneijually; that the portion 
rifDtreapotiding to the covered part of the bulb will l>e colder than 
t^C tueroory opposite to the exposed part ; and consequently that 
" e dew-point will appear lower tliun it ought to be. This objec- 
iton certainly applies when the nmslin is rendered very inoist with 
pfheaf,i-3iiil the temperature of the bulb ia rapidly reduced ; but 
fchea the cooling is slowly effected, I believe the indieatione of this 
hygrometer to be at least as correct as those afforded by the very 
•legantt yet more coatly and less portable, apparalus of Daniell. 
For &cl3 confirmatory of this opinion the reader may consult an 
«Bay by Foggo, junior, of Leith. (Brewster's Journal vii. S6.) 

It is desimble on some occasions, not merely to know the hygro- 
dwttic condition of air or gases, but also to deprive them cntifely 
of their mponr. This may be done to a great extent by exposing 
thorn to intense cold; but the method now generally preferred is 
by briiififiiig the moist gas in contact with some snbstancc which 
)m£ a powerful chemical attraction for water. Of these none i^' 
^fcfabje to chloride of calcium. ' "^ 

^ „,;,;, -..«> 

""■ CONSTITUTION OF GASES WITH RESPECT TO HEAT. 

! Frem the ex]>eriments of Poraday on the liquefaction of gaseeuw- 
BphatancflB, gases may be viewed as the vapours of extremely vul»l ' 
tile ViquiidB. Most of these liquids, however, are so volatile, that 
their boiling point, under the atmospheric pressure, is tower than 
any natural temperature ; and lience tliey are always found in the 
gtseoue state. By sBbjecticg them to great pressure, their elaatl- 
dtyis BO fiu; counteracted that they become liquid. Bnt even 
■when thus compressed, a very moderate heat is sufficient to make 
thetQ boil : and on the removal of pressaro they resume the elastic 
faim, most of them with such violence as to cause a rcpdrt like an 
explosion, and others with the appearance of brisk ebullition, In- 
^Ibqbc odd is produced at the same time, in conaeqnerice Of theit 
'iwt passing from a sensible to an insensible state. 

The process for condensing gases (Philos. Trans. 1823)' conaiSts 
in eapOMng them to the pressure of their own atmospheres. The 
materials for producing the gaS arc put into a strong glass tube, ' 
'VfaifdnJffiH&GrwardB'aetilQd bermeticallyi mid bent m the- middle, as 
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represented by tlic figure, Tlic g 
ie generated, if necessary, by tl 
plication of heat ; and when the pres- 
eure becomes sufficiently great, the liquid is formed and collects in 
tlie free end of the tube, which is kept cool to facilitate the con- 
densation. Most of these experiments are attended with danger 
from the bursting of the tubes, against which the operator must 
protect himself by the use of a mask. 

The pressure required to liquefy gases is very variable, aa will ap- 
pear from the following table of the results obtained by Faraday, 

Sulphurous acid gaa . 2 atmospheres al 45" 

Sulphuieted hydrogen gus . 17 . . SO" 

Carboniir acid gas . . 36 • . 32" 

Chlariasgaa . . 4 , . 60° 

Nitrous oiide ga£ . . SO . . 46° 

Cyaaogeu gas ■ • 3'6 . . 45° 

Ammoniacal gas . . 65 . , 60° 

Muriatic acid gaa . . 40 , . 60° 

Additional light has been thrown on the nature of gases by 
M. Thiiorier, who has succeeded in obtaining carbonic acid gas in a 
solid state (Ann. de Ch. et Ph. Ix. 431). It is procured by di- 
recting a jet of the liquid carbonic acid into a small glass phial, which 
is rapidly filled with solid carbonic acid in the form of a white floc- 
culent powder. The solidification is evidently produced by the 
cold occasioned by the sudden transition of a liquid into a gas, 
in which state it occupies a space 400 times greater than its original 
volume. The degree of cold thus produced is estimated by Thi- 
iorier at — 148", at which temperature carbonic acid appears to be 
entirely deprived of its elastic force ; for the solid exposed to the 
ordinary atmospheric pressure and temperature evaporates slowly 
and quietly, and is gradually converted into carbonic acid gas. 

SOCRCES OF HEAT. 

The sources of heat may be reduced to six : — 1 . The sun. 2. 
Combustion. 3. Electricity. 4. The bodies of animals during life. 
5. Chemical action. 6, Mechanical action. — All these means of 
procuring a supply of heat, except the last, will be more conveni- 
ently considered in other parts of the work. 

The mechanical method oF exciting heat is by friction and peiv 
eussion. When parts of heavy machinery rub against one another, 
the heat excited, if the parte of contact ore not well greased, \a 





Buffieient for kindling wood. The axle-tree of carringea has been 
biimcd from this cause, and the sides of ships are said to have 
taken fire by the rapid descent of the cable. Count Rumford has 
given an interesting account of tlic heat excited in boring cannon, 
which was ao abundant as to heat a considerable quantity of water 
to its bailing point. It appeare<l from his experiments that a body 
never ceases to give out heat by friction, however long the opera- 
tion may be continued ; and he inferred from this observation 
that heat cannot be a material substance, but is merely a property 
of matter. Pictet observed that solids alone produce heat by fric- 
tion, no elevation of temperature taking place from the mere agita- 
tion of fluids with one another. He found that the heat excited 
by friction is not in proportion to the hardness and elasticity of the 
bodies employed. On the contrary, a piece of brass rubbed with a 
piece of cedar wood produced more heat than when robbed with 
another piece of metal ; and the heat was still greater when two 
pieces of wood were employed. 



SECTION II. 

LIGHT. 

Optics, from hvrQ(JMi I see, is the science which treats of light 
and \Tsion. On the natiire of light two rival theories exist, the un- 
dulatory and corpuscular. Prior to and about the time of Newton's 
celebrated analysis of solar light in 1672, Descartes, Hookc, Huy- 
gens, and others had entertained the former ; but Newton, in 
adopting the latter, led to its almost general reception. He con- 
sidered light to consist of inconceivably minute particles, too subtile 
to exhibit the common properties of matter, though really material, 
vfaich emanate from luminous bodies, such as the sun, the fixed 
stars, and incandescent substances, travel with immense velocity, 
and excite the sensation of light by passing bodily through the sub- 
, stance of the eye, and striking against the expanded aeive of 
vision, the retina. This theory, with which the language of optics 
has become identified, prevailed with almost no opposition firom the 
[ time of Newton till 1801, when the undulatory theory was revivetl 
t and supported with great ability by Young (Phil. Trans.). By 
I the researches of others, the testimony in favour of this doctrine 
Lipndually gained ground, and at present it is all but generally 
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adopted. Wliilc some phenomena, as ihe absorjition and refrac- 
tbn of liglit, are even yet obscurely explained by either theory, 
otLers, especially tlie phenomena of interference and polarized 
light, are wholly inexplicable by the corpuscular, and receive a most 
lucid explanation by the undulatory theory. On this ground the 
former is considered untenable, and the latter alone suitable to the 
present condition of science. But to enter at length into this ar- 
gument would be so foreign to the design of this treatise, that the 
shortest possible notice must sutfice, the reader being referred for 
more full information to Pouillet's EUmens de Physique, Young's 
Essays, Airy's Tracts, gnd edition, and Herschers article on Light 
in the Encyclopedia Metropolitan a. 

It is assumed, as the basis of the undulatory theory, that a sub- 
tile ether, eminently rare and elastic, pervades the whole universe, 
being present in the heavenly spheres, in the atmosphere, and 
within the pores of the densest bodies in nature. The sun and 
other luminous bodies, owing to peculiar vibratory movements 
within their substance, throw the contiguous ether within or about 
them into corresponding vibrations, which are thence conveyed 
along from one particle of ether to another, and excite the sensa- 
tion of light by impelling the retina, just as hearing is caused by 
impulses on the auditory nerve by analogous vibrations of the sax 
or some other clastic medium. There is thus set up betweea light 
and sound an analogy which in numerous respects is most inti- 
mate and instructive. In the travelling of light or sound the indi- 
vidual particles of ether or air have a very limited range of motion ; 
the office of each particle is to impart to its neighbour the impulse 
which it has itself received, and it is this impulse which travels ; 
just as when standing-corn is agitated by the wind, or a stone ia 
1 into a pond, waves extend rapidly over the field or along 
the water, though the movement of each ear of com or particle of 
water ia very limited, — When a tuning fork or a tense cord is act 
into vibration, they move to and fro, as do all vibrating bodies : 
each forward motion gives a separate blow to the air, and impulse 
after impulse passes through the aerial strata with a velocity of suc- 
cession depending on the velocity with which the vibrations of the 
fork or cord succeed each other. If these impulses recur at inter- 
vals not less than about sixteen times in a second, a continuous sound 
is heard, the sensation from one impulse continuing till another 
succeeds. When the impulses are sufficiently frequent and at 
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equal intervals, a musical note is heard, tlic pitcli of which depends 
oB the frequency of recurrence, the note being more and more 
acute a3 the recurrences are more rapid. Liglit and colours arc 
ascribed to a similar cause. The ethereal impulses do not excite 
the sensation of light unless they recur with a certain frequency; 
and on that frequency, which, as in ai>rial impulses, may vary, de- 
pend the various colours. The violet is due to the most frequently 
recurring impulses, corresponding to acute tones, the red to the least 
frequent, sad the other tints of the spectrum to impulses of intet^ 
mediate frequency. When a number of ethereal impulses of dif- 
fcrent frequency impel the same point of the retina at the same in- 
stant, the sensation of white light is produced. — From the analogy 
between the succession of impulses in air or ether to that of waves in 
water, the term wave is applied to the former eases. One entire 
wave in water is the distance between the highest part of one wave 
and the highest part of the following one, that distance being the 
length of the teave: that length is variable, increasing as the time 
increases with wliich wave follows wave. So, a wave in air is the dis- 
tance between two successive impulses, and its length increases as 
tie time between the recurrence of the impulses : the more acute 
■the tone, the shorter the aerial wave which causes it. The same 
distinctions apply to ethereal waves ; and hence, in the prismatic 
colours, the waves causing red light are the longest, and those of 
violet the shortesl. — In the vibration of a cord, each forward move- 
ment gives a forward impulse to the air : in the interval between 
two such impulses the cord moves backward, and leaves a spaee 
behind, which the air by its elasticity immediately occupies, causing 
a backward impulse. There is, thus, in a sounding column of air, a 
Continued vibration, or motion to and fro, of the aerial particles, par- 
ioking of the character of the vibrations which set the air in motion. 
The same is believed to occur in ether. Now, should two forward 
ierial impulses fell simultaneously on the ear, each would eo-ope- 
itc with the other, and the resulting sound be strengthened r but 
I if two equal and opposite impulses coincide, each destroys the 
J effect of the other, and total silence results. The impulses inter- 
I Jhre with each other. Phenomena of this kind are well known in 
1 Regard to sound, and were the undulatory theory true, something 
I iSmilar should be met with in optica : two equal ethereal impulses 
diould double the light if they acted together in the same direction, 
I told should produce total darkness when their directions were 
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posed. This is actually found to occur, and constitutes what is 
termed inUrference — a plienomenon wholly irreconcilable with the 
corpuscular theory. 

Having thus given a general notion of the undulatory theory, 
I proceed to state the laws of light in ordinary language. By 
(ight is understood the ethereal impulses which cause the sensa- 
tion of light : when light is spoken of as emanating from a point, 
it is meant that the ethereal impulses so emanate ; when light is 
said to be reflected, it is understood that the ethereal impulses 
rebound, iu the same manner as aerial impulses rebound in forming 
an echo. 

Diffusion of Light. — Light emanates from every visible point 
of a luminous object, and is equally distributed on all sides if 
not intercepted, divei^ing like radii drawn from the centre to the 
circumference of a circle. Thus, ifasing-lc luminous point were 
placed in the centre of a hollow sphere, every point of its conca- 
vity would be illuminated, and equal areas would receive equal 
quantities of light. The smallest portion of light which can be 
separated from contiguous portions is called a ray of light. Each 
ray, when not interrupted in its course, and while it remains in the 
same medium, moves in a straight line ; as is obvious by the ap- 
pearance of shadows cast by the side of a house, or of a sunbeam 
admitted through a small aperture into a dark room. Owing to 
tliese modes of distribution, it follows that the quantity of light 
which falls upon a given surface decreases as the square of its 
distance from the luminous object increases, the same law which 
regulates the heating power of a hot body. (Page 15.) 

The passage of light is progressive, time being required for its 
motion from one place to another. By astronomical observations 
it is found that light travels at the rate of nearly 195,000 miles in a 
second of time, and would require about eight minutes to pass 
from the sun to the eartli. Owing to this prodigious velocity, the 
light caused by the firing of a cannon or a sky-rocket is seen by 
different spectators at the same instant, whatever may be their re- 
spective distances from the rocket, the time required for light to 
travel 100 or 1000 miles being inappreciable to our senses. 

When light falls upon any body, it may, like radiant heat (page 
15 ), dispose of itself in three different ways, being rfftecled, re- 
fracted, or absorbed. The phenomena connected with the two 
former modes of distribution I shall proceed to consider in succcs- 
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sion ; while those of absorbed light will be includml under the bead 
of Decomposition of Light. 

REFLECTION OF LIGHT. 

Light may be reflected by all media, wlictbcr solid, liquid, or 
gaseous, when it passes from one medium into another of a dif- 
ferent nature or density ; but there is great difFcrence in the 
power of reflection. Bright metallic surfaces, such as polish- 
ed brass and silver, or clean mercury, reflect nearly all tlie 
rays which fall upon them ; while those which are dull and rough 
reflect but few. The reflection of light, like that of beat, takes 
place at the surface of bodies, and appears influenced rather by 
the condition of the surface than by the nature of the reflecting 
body. The direction of the reflected ray, whatever may be the 
nature oi figure of the reflecting surface, is regulated by these two 
laws. 

I. The incident and reflected rays always lie in the same plane, 
which plane is perpendicular to the reflecting surface. 

II. The incident and reflected rays always form equal angles 
with the reflecting surface; or, what amounts to the same, the 
angle of incidence is always equal to the anglu of reflection, 

Let AB, figure 1, represent a plane mirror, id the direction of a 
ray (ailing on ah at the point n, and nr a line perpendicular to the 
mirror ab. Then a plane passing through inp will be perpendicular 
to AB, and, by the first law, the reflected Fig- 1. 

ray de will lie iomewkere in that plane. ' 
Also, by the second law, the angle of re- 
flection RDP must be equal to the angle of 
incidence inp. Hence, as soon as the di' 

rection of the incident ray is given, that of ^"^"- -"q -jj 

the reflected ray is known also. 

These laws apply eqimlly to convex and concave mirrors. A 
circle or any curve may be viewed as a polygon with very short 
sides circumscribing the curve, as shown in ^'8- ^■ 

ab, flg, 8, ; and on this principle a tangent 
It' at any point d of a curve ab may be 
taken as identical at the touching point 
with the curve itself. Similarly, may a 
plane tangent to a curved surface be considered as part of that 
surface at the point of contact. The action of a curved mirror 
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may hence be referred to that of a number of tangent planes, 

tvbicb will reflect liglit agreeably to the two laws above iBQntwff 

eti. ThuB, let ab, fig. 3, be a Fig. 3. y_-jd ,„ 

convex mirror, being a Eegment 

of a sphere, the centre of which 

ia c ; let id, i'd' be parallel rays, 

incident at d, d. The dotted p,.,- 

lines DP, b'p' will be respectively 

perpendicular to the tangent at 

D, d'; the angles of incidence 

are idp, i'd'p' ; and pub, p'd it 

the angles of reflection. Parallel rays falling on a convex mirror 

are obviously scattered or made to diverge. . . 

On the same principle must parallel rays falling on a concave 
spherieal mirror, as represented by fig. 4, be so reflected as to 
converge and meet together rig. 4, 

at one point f, which is ^jj _. 

called its focus for parallel 
rai/s, or its principal focus, _ 
and ia situated midway be- 
tween the centre c, and the 
axis of the mirror y.. The ^»' J'.i,,., 

dotted lines represent the perpendicular to the tangent at the re- 
spective points of incidence, d, d' rf', <i. From the same figure 
it is obvious that the diverging rays emitted by a light placed in 
the focus of a concave mirror are rendered parallel by reflection. 
If tlic light be placed between e and f, then the rays will con- 
tinue divergent after reflection. On placing the light between 
F and c, the incident rays, diverging less rapidly than when the 
light was at F, will converge after reflection, and meet at some 
point beyond c, which point is more remote from c the nearer 
the light is to F. When the light is at c, all the rays are reflect- 
ed back to c ; since each ray will then be perpendicular to tlie 
tangent at its point of incidence. The student will easily compre- 
hend these statements if he will but take rule and compass, and 
draw a few figures for himself. 

The statement above made, that parallel rays are collected into 
one point by reflection from a concave spherical mirror, is not 
strictly correct. When the mirror is very flat, being a small 
segment of a large sphere, the rays meet very nearly in one point ; 
but they are far from doing so when the curvature of the mirror 
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' is coneiderable. This defect of aplierica) mirrors, which arisea 
\ from tltCir form, and is termed spherical aberration, is exhibited 
5, where the rays id, i'd'. Fig. 6. 

near the axis, meet at f ; whereas /^ 

the remoter rays id, i'd', are col- _„^(\ •'■' I'j* t. li- 

lected at f. The consequence 
of such aberration is a confused 
iiDBge, a defect which is remedied ' 
by diminishing curvature, and 
cutting off by screens the rays most distant from the axis. Para- 
bolic reflectors, when accurately made, are entirely free from this 
'inconvenience, 

The position in which objects are seen after being reflected will 
now be easily understood. LetMN,fig.6, Fig. 6. 

be an MTOW placed before a plane mirror n ^3K ' I* 

AB, E the eye of an observer, mc mc rays 
emanating from the point of the arrow, and 
KfudiAys proceeding from its shaft. The 
only reflected rays which reach the eye ^ 
are those that fall between the points c 
and d. Those issuing from any single 
point, M, continue to diverge at the same 
^te after as before reflection ; and, though 

*hey are reflected and enter the eye separately! they are collected 
■together by the refracting power of that organ, and appear to the 
observer to issue from a point m, at which, if continued back, 
they would intersect. The same is true of rays issuing from n, 
and fiom all points intermediate between m and n. By inspecting 
the figure it will be seen that each part of the image mn is at the 
-same distance behind the mirror as the object mn is before it, 
'find that the image and object lave the same length ; conse- 
quences which flow necessarily frona the laws of reflection and the 
known properties of triangles. 

Again, let the arrow mn, fig. 7, represent a high distant object, 
Fig- 7. 
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towards whicli a spherical mirror ah is directed. Rays emanating 
from M and falling on the mirror at a, e, and b, will be bo re- 
flected that they all meet at a point m; rays diverging from s, 
and reaching the same points of the mirror, will be collected at 
w; and all points intermediate between m and n will be repre- 
sented along the line mji, forming a small inverted image of the 
object. As the rays prior to reflection were divergent, their focal 
points will be nearer the centre c than the focus for parallel rays. 
The image mn will be much smaller than the object, the ratio 
of their lengths being directly as their distances from the mirror ; 
a relation which the geometric reader will discover for himself by 
inspecting the figure; If mn be 1000 feet from the mirror, and 
mn at one foot, the image will be diminished in length 1000 times. 
Hence, as the size and position of the image can be measured, the 
distance of the object may be calculated if we know its size ; or its 
size may be inferred from a knowledge of its distance, 

The construction of the simple reflecting telescope depends on 
the principle just explained. The small size of the image is com- 
pensated for, partly by its brightness, since each point is formed 
by the concentration of many rays, and partly by the advantage of 
placing the eye close to it. In order to see the image mn, the ob- 
server may place in the focus a piece of grouml-glass or tissue- 
paper ; or, a hole being cat in the mirror at e, the image may be 
received on a small plane mirror placed in the focus, and be reflect- 
ed to the observer at e. Instead of using a plane mirror for this 
purpose, mn may be considered as a new object, and be reflected by 
a second smaller concave mirror placed between mn and c, and in 
front of AB ; for the converging raya which meet at any point m of 
the image cross each other at that point, and then diverge exactly 
as though the place of the image were occupied by a real arrow. 
The second mirror may be so placed as to magnify the image mn ; 
and the second image may be still further enlarged by a convex 
lens. Compound reflecting telescopes are constnicted on this prin- 
ciple. 

The arrangement displayed by figure 7 is exactly that of a simple 
refiecting microscope, provided mn be viewed as a small real object, 
and MN as its magnified inverted image. If mn were placed in the 
principal focus, the reflected rays would be parallel, and hence 
could not meet to form an image ; but if situated rather beyond 
the principal focus, as in the figure, then the rays converge after 



reflection, aw\ give an enlargeil image of Uic small object. Tli 
ratio of the length of the object and iniagc will, as before, be ( 
their respective distances from the mirror. 



1^ 



REFRACTION OF LIGHT. 
Light travetBCS the same transparent medium, such as air, water, 
or glass, in a Btraight line, provided no reflection occurs, and there 
is no change of density ; but when it passes from one medium into 
another, or from one part of the same medium into another of a 
different density, a change of direction always ensues at the plane 
of junction of the media, except when the ray is perpendicular to 
that plane. For instance, let ab a'b', ^'S- "■ 

fig. 8, represent a vertical section of a ^ 
vessel full of water, and pp' the per- 
pendicular to the surface of the water 
at the point c. Should a ray of light " 
enter the water perpendicularly to its 

sur&ce, as in the line of pc, it will *' j^q ^ 

continue on its course to v' without deviation ; but if it descend 

obliquely, as in the direction of ic, it will suffer a bend at c, and 

proceed to E, instead of advancing along the dotted line to r. 

Conversely, were a ray of light to emanate from e and emerge at 

, it would not advance to e, but take the direction of ci. By 

comparing the direction of the refracted ray in these two cases in 

Telation to the vertical pp', it will be seen that the ray approaches 

the perpendicular in entering from air into water, and recedes from 

I it in passing out of water into air. The same remark applies to 

I tiie passage of light from or into air into or out of solid or liquid 

i Biedia in general. 

Bodies differ in their power of refracting light. In general, the 
I ^nser a substance is, the greater is the deviation which it produces. 
I If in fig. 8 sulphuric acid were mixed with the water, the ray ic 
would be refracted to some point between e and g ; and if a solid 
I cake of glass were substituted for that liqiiid, the refracted ray 
J Ifould be bent down to cg. But this is far from universal ; — 
I slcohol, ether, and olive oil, which are lighter than water, have a 
I Jiigher refractive power. Observation has shown it to be a law, to 
1 exception is yet known, that oils and other highly in- 
e bodies, such as hydrogen, diamond, phosphorus, sulphur, 
mber, olive oil, and camphor, have a refractive power which is 
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from two to seven times greater than tliat of incombustible sub- 
stances of equal density. But whatever may be the refractive power 
of bodies in relation to each other, refraction is always goveiHed 
by the two following laws, discovered in 1618 by Snell, though 
usually ascribed to DeRcartes. 

1. The direction of the incident and refracted ray is always in a 
plane perpendicular to the surface common to the media. 

2. The sine of the angle of incidence and the sine of the angle 
of refraction are in a constant report for the same media. 

The first law is similar to the first law of reflection already ex- 
plained (page 87). To explain the second law, let abe, fig. 9, be 
a vertical section of a refracting medium. Fig- 9. 

ry the perpendicular to it, ic a ray of 
light incident at c, and ce the refracted 
ray. Then icpia the angle of incidence, 
and Ecp' the aiigle of refraction. Also _ 
from c, as a centre, with any radius ci, 
and in the plane of the ray icK, draw a 
circle; and from llie points i and r,, 
where the course of the ray cuts the cir- 
cle, let fall ifl, EC at right angles to Pi'', Then may la be cbn- 
sidered the nine of the angle of incidence, and ec the sine of tlie 
angle of refraction. The second law denotes that these lines are 
fpr each substance in a constant ratio, whatever may be the direc- 
tion of the incident ray. In the figure, the sine of the angle of re- 
fttetion is to the sine of the angle of incidence as 1 to S ; and this 
ratio being once determined, each ray must conform itself to it, so 
that any angle of incidence being given, the direction of the refract- 
ed ray may be foretold. Thus, if j'c be a second ray incident at c, 
of which ib is the sine of the angle of incidence, the ray will be 
bent into such a course, that ed shall be to ib as 1 is to 2. This 
ratio is nearly that observed in glaas made of one part of flint to 
thKte of oxide of lead. In common flint glass the ratio is nearly 
SB 1 'to 1*6 ; in water it ia as 1 to 1-336 ; in oil of cassia aa 1 to 
I-eil ; in diamond aa 1 to 2-755 ; in phosphorus as 1 to 2-224 ; 

I'in melted sulphur as 1 to 2-148. By thus representing the 
rfne tif the angle of refraction by 1, the sines of the angle of inci- 
o in all bodies refer to the same unit of comparison, and are 
therefore at once comparable with each other : such numbers are 
called indices of refraction, and indicate the degree of refractive 
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jjower. Fot example, tlie index 'if refraction for water i 
for flint-glasa 1-6; and for diamond 2'755. 

Subjoined ie a table of the retractive indices of gaees, that c 
Tacuum being unity. 



Name of Gas. 


Ref. Index. 


Name of Gsb. 


Ref. Indekl 


Oiygea 


1-000273 


Carbonic Acid 


1 000449 


Hy^meen . . 


. 3-000138 


ItydtuchloricAcid . 


1 ■000449 


Nilrogen . . . 


1-000300 


AmmuDia 


1-O0O3BS ■ 


Chloride . . 


. 1-000773 


Cyanogen . 
liydrocyanic Acid . 


1-000834 


Proloii3o of N itrogen 


1-000503 


1-000451 


Binoiide of Nitrogen 


, 1-000303 


Sulpliuroiu Acid 


1-000665 


OleGant Gu 


1-000678 


1-000644 


Blarsh Gu . 


. 1-00(1443 


Blsulphuret of C»rbon 




Elher Vspour . 


1-001.130 


Vaponr . . 


1-OOlSOO 


Carbonic Oiide 


. 1-000340 







By means of Snell's laws of refraction, and with a knowledge of 
the indices of refraction, the couree of a ray of light through any 
mediam may be indicated, whatever be the nature or figure of that 
medium, or the direction of the ray. The refracting subatancc 
most used in optics is glass, which Is ground into different forms, 
such as prisms and lenses, according to the purpuse for which it is 
designed. One of the simplest cases is the refraction of a plane 
glass, such as the pane of a window. ., 

Let ic, fig. 10, be a ray incident on the Fig. 10. |.. 

upper side, ab, of a plane glass, and ce the 
reacted ray : at its exit at the under side, 
a'b', which is parallel to ab, it will be re- 
fracted to tho same amount as at its entrance, 
and will pass on in the direction of £c, ap- 
pearing to an observer at e to have come 
ig the line i'e, parallel to its real course 
I'l^C- Hence, in looking at an object through 
VvtrVindow, it is not seen in its real position ; but as all the rays arc 
EiJBgDiilarly affected, the object is not distorted, provided the oppo- 
LlDte sides of the glass are really pamllel. 

, In studying the influence of curved media on light the same rule 
flltito be observed ae in reflection by curved mirrors (page 88) i ft 
■ yltne tangent to the curved surface at each point of incidence is to 
liio drawn or imagined, and the direction of the ray deduced in rofe- 
r t^nce to that plane. On applying this rule to convex and concave 
l«neeG, it is found that the former act like concave mirrors, and 
tend to collect the refracted rays together ; whereas a concave 
likei K (90UVCA mirror, tends to scatter them. Figure 11 repreeenta 
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parallel rays falling upon a doubly 
convex lens, the two curved sur- 
faces of which are ehown by the 
vertical section ab. The ray gf, . 
which falls perpendicularly, goes 
without deviation through the mid- 
dle or axis of the lens. The other rays enter and quit the lens 
so as to form a smaller angle on one side than on the other, and 
the acute angle obviously lies on the side towards the axis ; every 
ray is bent towards that axis by both surfaces ; and as, fiom the 
figure of the lens, the rays most distant from the axis approach the 
lens at the smallest angle, they also suffer the greatest refraction. 
The result is, that the rays converge and meet at a point f, termed 
the focus of parallel rays, or the principal focus. Its distance 
ftom c varies both with the curvature of the lens and the refracting 
power of the glass with whieh it is made. With ghias of the same 
quality the focal distance depends on the figure of the lena, the 
greatest convexity giving the shortest focal distance. 

As the lens in figure 11 brings parallel raya into a focus at f, 
it is obvious that rays diverging from a luminous object placed at 
F will be rendered parallel by the same lens, the course of the rays 
being simply reversed. Were a light situated between f and c, 
its rays would diverge so much that the lens could not render them 
paralkl, and they would continue divergent after refraction. On 
removing the light to the right of f, the incident rays have sucli 
diminished divergence that they converge after refraction, and meet 
at a certain distance to the left of the lens, which distance dimi- 
nishes as the light recedes from f ; until at length, when the 
luminous object is so far on the right side of the lens that the in- 
cident rays may be considered parallel, they will be bent into a 
focus at f'. 

Convex lenses are subject to the defect called spherical aberra- 
tion equally with concave mirrors (page 89), and from the same 
cause. The spherical figure of a convex lens causes undue refrac- 
tion of the rays incident near its margin, so that sucli rays have a 
shorter focal distance than those incident near its axis. The defect 
is more conspicuous in lenses of considerable curvature than in flat 
ones ; and it may be remedied by intercepting the mai^nal rays 
with an opaque screen, or by forming such a combination of lenses 
as may augment the convergence of the rays near tlie axis without 
equally acting on those more distant from it. In the eye this evil 
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is averted by tlie substance of the lene increasing in dcnBity 
from its margin to tlie axis. 
The action of concave 
lenses, fig. 12, is the oppo- 
site to that of convex lenses. 
Drawing a tangent to any 
point of the curve, and con- 
structing tlie sines of incidence and refraction as in figure 9, it 
will be found that parallel rays will be so refracted by both snr- 
faces of a doubly concave lens, llmt they will diverge as if they had 
emanated from a common point f before the lens, termed its prin- 
cipal focus, the position of which depends on the refracting power 
of the substance of the lens, as well as on its curvature. CouvcrBcly, 
the rays d', d, d, d, converging towards the principal focus f of a 
doubly concave lens, will be rendered parallel by such lens : if their 
original convergence were less rapid, they would diverge after re- 
fraction ; but if their convergence were to a point between f and c, 
they would still convei^ after refraction, and meet somewhere 
along the axis fg, at a point less remote tlic greater the original 
convergence. Rays already divergent will diverge still more after 
passing through a concave lens. Thus the influence of concave 
lenses, whether concave on both sides or on one only, is exactly 
opposed to that of convex lenses. The former tend to diminish or 
' destroy convergence, and to render diverging rays still more diver- 
it ; whereas the latter diminish or destroy divergence, and give 
increased convergence to rays already convergent. 

The refiacting properties of convex lenses are extensively applied 

ia the construction of refracting telescopes and microscopes, the 

object being, as in rejiecling telescopes and microscopes, to obtain 

I a distinct small image of a large distant object, or a magnified repre- 

I sentation ofa near small object. The nature of such combinations is 

' illustrated by the annexed woodcut, fig. 13, in which ab is a doubly 

Fig. 13. 
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convex lens acting on mye from a distant object represented by the 
arrow mn. As the incident raya are not pajajlc!, but divergent, 
the rays from each point of mn will be collected into a focus at a 
diatance behind ab, somewhat greater than the focus of parallel rays 
fl and an inverted image tint will be produced. The length of 
the image to that of the object will be directly as their respective 
distances from the centre of the lens ab, exactly as in the reflecting 
telescope (page 90). If mn is well illuminated, its image will be 
bright, since each point is formed by the confluence of many rays. 
The image will be inverted, the rays which emanate from the 
upper part of the object forming the lower part of the image, and 
eonvejsely. The direction in which the rays from any point m 
meet, may be found by drawing a straight line from m through the 
centre c of the lens ab i for as the ray mc enters the lens above the 
a\is it the same diatance as it quits it below the axis, the second re- 
fraction is exactly the reverse of the first, and the ray emerges as 
though it had passed through a plane glass (fig. 10), — moving on- 
wards, not strictly in the same straight line, (though for conveni- 
ence it IS usually represented as such,) but in a line parallel to it. 
Figure 13 likewise exhibits the application of a convex lens in the 
construction of a microscope. For if nm be a small object placed 
a little beyond the principal focus of the lens ab, the rays will be 
so refracted as to form a large inverted image mn, the size of 
whicli is determined by the rule above mentioned, 

A convex lens fitted into the wall of a darkened chamber con- 
stitutes the arrangement of a camera obscura, the inverted images 
of external objects being received on a disk of paper or a white 
board. In the simple telescope the lens is placed at the extremity 
of a tube of such length that the image may be formed within the 
tube, and the observer looks from the other end at the im^e 
formed in the air. The eye acts on the same principle. Lu- 
minous rays entering the transparent parts of the eye are refracted 
by the cornea and crystalline lens, and are brought into a focus at 
the bottom of the eye, an inverted image of external objects being 
formed upon the retina as on the table of a camera obscura. For 
distinct vision it is necessary that this image should be formed 
exactly on the retina. Hence, were the eye an ordinary lens, hav- 
ing an invariable focus, our range of vision would be very narrow : 
an eye fitted for seeing at a distance would be useless for near 
objects ; and persons who could see near objects would be blind 
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40 remote ones. Two rays emnnatin^ from a (listant poinl cannot 
JmtA fell upon so small an object aa the eye, unless tiiey arc nearly 
i|)Bnllel ; for if they diverged by even a very small angle, tliey 
irould before reaching the eye separate by an interval exceeding the 
iliameter of the cornea. On the contrary, rays in rapid divergence 
may enter the eye, provided the point from which they emanate be 
close to it ; and the nearer the object, the more divergent the 
nys which enter. When, therefore, we observe n distant land- 
scape, then successively notice nearer and nearer objects, and lastly 
east the eyes upon the page of a book only six inches distant, wc 
receive lays coming from a multitude of different objects, each set 
of rays having its own peculiar divergence, and requiring a separate 
fijcuB ; and yet, so wonderful is the adjusting power of the eye, a 
■ingle minute suffices for distinctly seeing all the objects so beheld, 
without the conedousness of an effort. 

The adjustment of the eye for different distances appears to de- 
pend on a power of increasing or decreasing the distance between 
the posterior part of the eye and the lens ; though the mechanism 
by which this is accomplished is unknown. Some ascribe it to a 
change in the figure of the whole eye-ball, produced by the mus- 
clea which move the eye ; but Brewster, I think with better rea- 
son, considers the position of the lens to be varied by the same 
contractile tissue which determines the movements of the iris and 
tie size of the pupil. To this adjusting power, however, there is 
& limit. The distance at which moat persons see small objects 
£stinctly is about six inches : at shorter distances the rays are so 
divergent, that their focal point falls behind the retina, and indis- 
tkiet vision is the consequence. Persons called long-sighlcd are 
usable to see near objects distinctly, owing to a weak refracting 
power of the eye, due to deficient convexity or density in the 
Ininlours of the eye. This is the infirmity of advancing life, and la 
Mmedied by convex glasses, which cause diverging rays to be pa- 
nllel or slightly convergent. In akorl-sighted persona the refrac- 
tive power, either from undue convexity or undue density of the 
cornea and lens, is so powerful, that all rays which do not diverge 
npidly are brought to a focus before they reach the retina. 
Yoatli is the period most obnoxious to this imperfection, and as- 
MEtancc is derived from a concave glass, which causes parallel rays 
to diverge, and thereby counteracts the refracting influence of 
jj*e eye. 
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Objects arc seen iii'igtit though llioir imngvs on tlic retina aro 
inverted. Tlie direction in which each point of an object la seen 
may depend cither on the direction of the raya which form it, or 
on the part of the retina which is impressed, On inspecting tho 
image nm, figure 13, it will be seen that any point n is formed by 
a multitude of rays lying within the angle bna, each of which bos a 
different direction from the others ; and yet when a similar col- 
lection of rays is formed on the retina, the observer sees only one 
point N, situated nearly in the direction of ncN, feuch and similar 
considerations justify the belief, that the direction in which a lu- 
minous point is Been depends not on the direction of the rays aa 
they enter tho eye, but on the part of the retina which is impresa- 
cd. Brewster contends that the line of visible direction is always 
perpendicular to that part on which a ray falls ; and that, aa the 
eye-ball is nearly a perfect sphere, these perpendiculars must all 
pase through the centre of the eye, which lie regards as the centre 
of visible direction. To me his arguments do not appear con- 
clusive. Were this opinion true, the point m' of an arrow m'n', 
figure 14, would be seen along the dotted line mov, appearing at a 
spot very remote from its real position. It seems more consistent 
with observation to take the centre of the crystalline lens, or rather 
of the collective humours of the eye regarded as one lens, aa the 
centre of visible direction. Through that centre c, fig. 14, all tho 
directions pass from each port of an image, and these cross each 
other ; tlie lowest part of an image is the highest of the object, 
and the highest of the image the lowest of tho object. It has been 
supposed that in infancy we actually see erect objects inverted, and 
only discover that they are not so by the habitual correction de- 
rived from experience ; but this fallacy has been fully comscted 
by observation on persons born blind, who first obtained tho power 
of vision when of an age to express what they saw. 

The apparent size of objects depends on their distance from tlie 

eye. Let hc, nc, fig. 14, bo rays from the extreme points of tho 

Fig. U. 




arrow uv, which crosa within the eye at c : tlien the angle mcn is 
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UrniMJ tlin vuuni angle. Mrro innpnrtjuii of ihe {iifute •Iwwi llinl 
the luifi tltnt ftiiKin ■■>• tlir itrnntir will br llie are on llic rnliuk no- 
nipii^I liy tlie inmifc mn ; nii'l alio tlio grontvr tluit imtiftr, ttin 
froftter will be tlio uikIo inijliiflcil by Um line* r;f viaiblc direction. 
Tht *'uuM,l «if[l« ill fuct viirio nunctly n* tlio nrc of tlic intofro ; biuI 
•• tint wif^le nuy Im fuund with kufliciciit luxuncy by ilnwing linn 
ftmn tb« «y<t t^i tho ntretiiitiiM i^f an objncl, it ntTunlR a cmiemnnl 
exfttvuon for tbc lenfftli of the iinitjto : when tho anffloi nrv uniiill, 
tlie linear nM|(nitii<lo« of two 'ibj<ictii are m-nrly in tlii^ ■mno mtio a« 
tluur viiual anitlui, IT a tiwond amiw wV, twice m long ut MM, 
bcpUond i*amllH ti> mn, mul al duiiblu ju ili*Uii«i IVom tlii! eye. 
tlMBtby Ui0 pro]ierti(!« (jf HlmiUr triaiifflnt, ihnr vimial anglot will 
lM«qwil, «h1 tlieir u|i|)ar«nl nu((niliulai idonticul. CunvBncly, if 
the Hro ■tnrwi bo ptiallvl, hava tlui laniD vLiiuil uig\ii iir apparent 
mugattaitt tad one be twice m diitanl n* the other, tho more ro< 
mot* OM noit bo twine oa loiiK na tho oilier. 'I'liu apparonl iiia^- 
nitiwle of (he lamr objnct at ditTirrirnt iliatnnitc* may be inf'errtNl 
on tiw anno principlM. 'J'luu il' its approach thii eye, rnnoiiiinji 
njirigltt all the time, tli<^ viiuul anf(li> will onlartfc, and nl hnlf tlie 
dittaaor ita lenjfth will appear double i or il' mm recede ftum the 
•yet il will be men under n Ntnalkr anule, and apifcor pro|>i)Ttionally 
unaJlrr, until at double the itiitaiice it will wcin to be hnll'ol' it* 
urf^nal l«nf|ih. In fiu-t, ihn apjiureiil lcnf(lli of' an ubjeel incn*M<m 
in tha aamo ratio oa itn diilanco rrnrn the eye, or nmro ulnelly frum 
Uw \fe\nt C within tin: eyr, deereuMM. A lurit*; object neemii a inern 
■pwik St ■ ipvat diitani-e ; nnil a minnte olijei^t ia invitibic tnilraa 
hrouf^t cloM to the eye. To brinjt nn ubjcrt near the eye il Ut 
umipiity it. A tower whi<'h appear* UHt feel hiffh to n pcmon * 
milci diatanl, will neem '4*M I'mit nt !i milei, and it}» nt 1 mile; 
and the type or u Iwok which at 12 inchea apfMini a linn in lenf(ih, 
will appmr two linca at f! inchei. In theac raae* it In the Hiimr 
timgailadt whidi varir* inventely a* the diittancu : the Miperficiul 
«tt«nt, or Moa, will vary invenety aa the %r\mte of the diNlnnce. 

Tb« totvifainn eon«ideration« aecoiint for many optical phcnn- 
tflitna. Hhort-ii((hte<l pcrNon* n-e minnle object* better tlinn thoae 
wlw have a Idhk Nif(lit( liei-aiiae, IVom the uttnUrT rrJVoctivo jiuwcr 
of their eye* (poffe IIT), they can briiiK Uie objet^t i-hner lo tho eye 
than tho«e who are Ionic *ighli^l. "'"' thercrofp ure it imiliT n (greater 
anKlo. Hut by aid of a convex Im* a lonj^-niKhtc'l pcraon may at- 
tain the aome miiI. Let him place the objrel in the focui of n am- 
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vex lens, anJ tin, cyt, at a diatancL bLliind convenient for receiving 
all the rays wliidi pass through it the diverging rays, rendered 
parailtl b^ the luns, are readily formed by the eye into an image 
on the rctma, and the object ifl sten under the same angle as though 
the eye had occupied the po&ition of the lens. This arrangement 
is shown by figure 13, where mn is the object, ab the lens, and e 
the eye of the observer. If the foca! distance of the lens be 1 inch, 
we gain the same advantage as though the eye itself were placed 
at one inch ; and taking 6 inches as the shortest distance of dis- 
tinct vision with the unaided eye, the apparent length of the arrow 
will be increased in the ratio of 1 to 6. With the lens of half an 
inch focus, the increase will be as ~ to 6, or 1 to 12 ; and if the 
focus is -jVth of an inch, the increase will be as -jV to 6, or 1 to 60. 
Convex lenses are hence familiarly known by the name of magnify- 
ing glasses. 

Convex lenses are similarly employed in the construction of 
compound microscopes and telescopes. In figure 18, let nm repre- 
sent a small object formed by the lens ab into an enlarged image 
MN : that image may be viewed by the eye at the distance of 6 
inches ; but by interposing a second lens ab of 1 inch focal dis- 
tance, the effect is the same as though the eye were at 1 inch, and 
thus the image is further increased in the ratio of 1 to 6. The 
lens AC is called the eye-glass, and ab the object-glass. Again, in 
a telescope, a large distant object is represented as a minute image, 
and so fe,r its magnifying power depends on the eye being able to 
inspect a small image at 6 inches instead of the large object at a 
great distance. For instance, a tower 400 feet high, formed into 
an image 1 foot long, is thereby shortened 400 times ; but as that 
image can be seen distinctly at the distance of i a foot instead of 
the object at 400 feet, the elongation due to this cause alone is as 
1 to 800. The apparent height of the tower is thus diminished 
400 times by one cause, and increased 800 times by another ; so 
that the compound effect is, that it is doubled. But by employing a 
second lens with a very short focus, the image may be still further 
magnified to a great extent. 

Double Refraction. — If on a piece of paper with a black line on 
its surface we place a rhombohcdron of Iceland-spar, and then look 
at the line through the crystal, it will be found that in a certain 
position the line appears single as when seen through water or 
glass ; but in other positions of the crystal two lines are visible 
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paiallel to each other, and separated by a distinct interval. The 
light in passing through the crystal is divided into two portions, 
one of which obeys the laws of refraction already explained (page 
92) ; whereas the other portion proceeds in a wholly different di- 
rection, and hence gives the appearance of two objects instead of 
one. The former is termed the ordinary , the latter the extraordi- 
nary ray. This phenomenon is known by the name of double re- 
fraction, and has been witnessed in many crystallised substances, as 
in minerals and artificial salts. 

Light transmitted through Iceland-spar or other doubly refract- 
ing substances, is found to have suffered a remarkable change. In 
this state it is distinguished from common light by the circum- 
stance, that when it falls upon a plate of glass at an angle of 56'* 
11', it is almost completely reflected in one position of the glass, 
and is hardly reflected at all in another : if reflected when the plane 
of reflection is vertical, no reflection ensues when the reflecting 
plane is horizontal, the incident angle being maintained at 56'' 11^. 
-This carious property, so different from common light, has been 
theoretically ascribed to a kind of polarity of such sort, that each 
side of a ray of light is thought to have a character different from 
the two adjacent sides at right angles to it ; and hence the origin 
of the term polarized light, by which this property is distinguish- 
ed. Light is polarized by reflection from many substances, such 
as glass, water, air, ebony, mother-of-pearl, and many crystallized 
substances, provided the light is incident at a certain angle peculiar 
to each siir&ce, and which is called the polarizing angle. Thus, 
the polarizing angle for glass is 56** 11', and for water 53® 14'; 
that is, common light reflected by glass and water at the angles 
stated will be polarized. 

The phenomena of double refraction and polarized light consti- 
tute a department of optics of great and increasing interest ; but 
it is too remote from the pursuits of a chemical student to be treat- 
ed of at length in this work. Those interested in such studies 
will find an excellent guide in Brewster'*s Treatise on Optics in 
the Cabinet Cyclopedia. 

DECOMPOSITION OF LIGHT. 

The analysis of light may be effected either by refraction or ab- 
sorption. Newton, who discovered the compound nature of solar 
light, effected its decomposition by refraction, employing a solid 
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piece of glaBs bounded by three plane surfoccs, well known under 
the name of tbc prism. His mode of operating consisted in ad- 
mitting a ray of liglit ig, fig. 15, into a dark chamber through 





a window- shutter def, and interposing the prism acb, so that the 
ray should pass obliquely through two surfaces, and be refracted by 
both. On receiving the refracted ray upon a piece of white paper 
LM, there appeared, instead of a spot of while light, an oblong 
coloured suifiice composed of seven different tints, called the pris- 
matic or solar spectrum. On subjecting each of these colours to 
refraction no further separation was accomplished ; but on causing 
the rays separated by one prism to pass through a second of the 
same power and in an inverted position ceo, the seven colours dis- 
appeared, and a spot of white light appeared at h, in the very posi- 
tion which it woidd have occupied had both prisms been absent. 
From such and similar experiments Newton inferred that white 
light is a mixture of seven colorific rays, red, orange, yellow, green, 
blue, indigo, and violet ; and that the separation of these primary 
or simple rays depended on an original difference of reftangibility, 
violet being the most refrangible and red the least so. 

Though a prism is the most convenient instrument for decom- 
posing light, the separation of the coloured rays is more or less 
effected by refracting media in general. Lenses, accordingly, dis- 
perse the colorific rays at the same time that they refiaet them ; 
and this effect constitutes one of the greatest difficulties in the 
construction of telescopes, in so much as the separation or dia- 
pfrsion, as it is termed, of these rays diminishes the distinctness of 
the image. The combinations by which the defect is remedied are 
called achromatic. 

Newton's analysis of light led him to explain the origin of the 
colours of natural objects. Of opaque bodies those are black which 
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absorb ull Uic liglit ibat fulls upon tht^m, and those white nhich 
reflect it unchanged : the various combinations of tints arc the con- 
sequence of certain rays being absorbed, while those alone wliose 
intermisture produces the observed colour are reflected. The 
same applies to transparent media, which arc colourless like pure 
water when the light paeses through unchanged, but arc coloured 
when some rays are transmitted and otliers absorbed. This ab- 
sorption of certain rays by coloured media, such as glass of dif- 
ferent tints, affords another mode of decomposing light; and 
Brewster has ingeniously applied it to analyse the seven colours 
which compose the prismatic spectrum. He bos proved by such 
experiments, what has been maintained before, that the seven 
colours of the spectrum are occasioned not by seven, but by three 
simple or primary rays ; namely, the red, yellow, and blue. These 
rays are concentrated in those parts of the spectrum where each 
primary colour respectively appears ; but each spreads more or 
less over the whole spectrum, the mixture of red and yellow giving 
orange, of yellow and blue green, and red with blue and a little 
yellow causing the violet. 

The prismatic colours, according to the experiments of Sir W, 
Hersehel, differ in their illuminating power: the orange illumi- 
nates in a higher degree than the red, the yellow than the orange. 
The maximum of illumination lies in the brightest yellow or palest 
green. The green itself is almost equally bright with the yellow ; 
but beyond the full deep green the illuminating power sensibly 
decreases. The blue is nearly equal to the red, the indigo is in- 
ferior to the blue, and the violet is the lowest on the scale. (Phil. 
Trans. 1800.) 

Cahrijic rays in Light. — The solar rays, both direct and dif- 

I Siised, are capable of exciting heat. When reflected or transmitted, 

such effect results : the concave reflector and burning-^laaa re- 

.nain cool, though intense heat is developed at their foci; and 

the atmosphere is not heated by the solar rays to which it gives 

A passage. But opaque bodies which absorb light are invariably 

lieated by it, and the temperature is proportional to the absorbent 

I q)ower. Hence, dark-coloured substances, which are more ab- 

\ .serbcut than light ones, become hotter when exposed to sunshine. 

I This is attested by the general preference given to light-coloured 

J -clothing during summer. Hooke, and subsequently Franklin, 

■ f^mved the fact by exposing pieces of cloth of the same textuie and 
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size, but different colours, upon snow to suDsliine ; when the snow 
undcc the dark specimens was found to inelt more freely than 
under the light ones, the effect being nearly proportional to the 
depth of shade. Davy arrived at siniilar results. The coloured 
raya of the spectrum differ in heating power. This is shown gene- 
rally by looking at the sun through glass of different colours, 
when it will be found that red and yellow glasses heat and oppress 
the eye much more than blue or green ones ; but the fact was first 
rigidly demonstrated by Sir W. Herschel, by placing the bulb of 
a delicate thermometer in the coloured spaces of the solar spec- 
trum. He found that it stood highest in the red space, fell lower 
and lower when successively removed towards the violet, and was 
lowest in the violet space. (Phil. Trans. 1800.) 

The foregoing facts are explicable on the suppositions either 
that light is convertible into heat by absorption, or that heat is 
merely associated with light, and is absorbed along with it, Her- 
schel maintained the latter view, and founded it on his observa- 
tion that, though the red space of the spectrum is hotter than the 
other coloured spaces, there is a spot a little beyond the red, where 
little or no light appears, where the thermometer is higher than in 
the red itself. He hence inferred that there exists in the solar 
beam a distinct liind of ray, which causes heat but not light ; and 
that these rays, from being less refrangible than the luminous 
ones, deviate in a smaller degree from their original direction in 
passing through the prism. 

All succeeding experimenters confirm the statement of Herschel, 
that the prismatic colours differ in heating power ; but they do 
not agree as to the spot where the heat is greatest. Englefield, 
Davy, and others affirmed with Herschel that it is beyond the 
red ray; wliUe others, and in particular Leslie, contended that it 
is in the red itself. The observations of Seebeck (Edin. Joum. 
of Science, i. 358) explained these contradictory statements, by 
showing that the point of greatest heat varies with the kind of 
prism which is employed for forming the spectrum. When he 
used a prism of fine flint-glass, the greatest heat was uniformly 
beyond the red; with a prism of crown-glass, the red itself was 
the hottest part; and with a prism externally of glass, but con- 
taining water within, the maximum lieat was neither in the red 
itseJf, nor beyond it, but in the yellow. These experiments have 
been confirmed by Melloni, who has succeeded with a prism of 
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rock-salt in separating the spot of masimum beat from the colour- 
ed part of the spectrum by a much greater interval than had been 
done previously, and diaeipating all remainiug doubt as to the ex- 
istence in solar light of calorific rays distinct from those rays which 
produce colour. As in simple radiant heat (page 19), there exist 
io solar light calorific rays of different characters, some being more, 
some less, refrangible. The former are proportionally less ab- 
sorbed by feebly diathermanous media than the latter ; whereas 
good diathermanous media absorb the less refrangible more freely 
tlian the more refrangible mys. For instance, the heat of the 
violet passes through water more readily than that of the yellow 
space, tlmt of the yellow than the red; but in employing media 
always rising in transcalcney, as crown-glass, flint-glass, and rock- 
salt, the obstruction to the least refrangible calorific rays conti- 
nually decreases, Henee, in suecessively taking prisms of rock- 
salt, flint-glass, crown-glass, and water, the spot of greatest heat 
will be found first far beyond the red, then nearer the red, then 
in the red itself, and lastly in the yellow space of the spectrum. 
On using a prism still less transcalent than water, the maximum 
heat would be found on the violet side of the yellow space. By 
causing light, terrestrial as well as solar, to pass first through water, 
and then through glass coloured green by oxide of copper, Mel- 
loni so effectually absorbed all the calorific rays, that the issuing 
light did not afiect the most delicate thermoscope. It would 
hence follow, not merely that light is associated with calorific rays 
quite distinct from the luminous rays, but that the latter contri- 
butes nothing to the heat evolved during its absorption. 

Chemical ray». — Solar light is capable of producing powerful 
chemical changes. One of the most striking instances of it is its 
power of darkening the white chloride of silver ; an effect which 
takes place slowly in the diffused light of day, but in the course 
of two or three minutes by exposure to sunshine. This effect 
■was once attributed to the influence of the luminous rays ; but 
Bitter and Wollaston traced it to the presence of certain rays tliat 
excite neither beat nor light, and wliieh, from their peculiar agen- 

I cy, are termed chemical rays. The greatest chemical action ia ex- 
erted just beyond or at the verge of the violet part of the prismatic 
Bpectrum; the spot next in energy is the violet itself; and the 
property gradually diminishes in advancing to the green, beyond 

[ *liich it eecms wholly wanting. It hence follows thai the che- 
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iiiical rays are still more refrangible than the luminous, in conse- 
quence of which they are dispersed in part over the blue, indigo, 
and violet, but in the greatest quantity at the extreme border of 
the latter. 

Magnetiziitg rays. — The more refrangible rays of light were 
once thought to possess the property of rendering steel and iron 
magnetic ; but since the experiments of Riess and Moser, this 
notion has been abandoned, (Brewster's Journal, ii. 226.) 

TERRESTRIAL LIGHT. 

Under this head is included all kinds of artificial light. The 
common method of obtaining such light is by the combustion of 
inflammable matter, which gives out so much heat that the burning 
substance is rendered luminous in the act of being burned. All 
bodies begin to emit light when heat is accumulated within them 
in great quantity; and the appearance of glowing or shining, which 
they then assume, is called incandescence. The temperature at 
which solids in general begin to shine in the dark is between 600° 
and 700° ; but tlicy do not appear luminous in broad daylight till 
they arc heated to about 1000". The colour of incandescent 
bodies varies with the intensity of the heat. The first degree of 
luminousncBS is an obscure red. As the heat augments, the red- 
ness becomes more and more vivid, till at last it acquires a full red 
glow. If the temperature still increase, the character of the glow 
changes, and by degrees it becomes white, shining with increasing 
brilliancy as the heat augments. Liquids and gases likewise be- 
come incandescent when strongly heated ; but a very high tempe- 
rature is required to render a gas luminous, more than is sufficient 
for heating a solid body even to whiteness. The diiFerent kinds of 
flame, as of the £re, candles, and gas light, are instances of incan- 
descent gaseous matter. 

Artificial lights differ in colour, and accordingly exhibit different 
appearances when transmitted through a prism, The white light 
of incandescent charcoal, which is the principal source of the light 
&om candles, oils, and the illuminating gases, contains the three 
primary calorific rays, the red, yellow, and blue. The dazzling 
light emitted by lime intensely heated, first proposed by Lieut. 
Drummond for the trigonometrical survey (Phil. Trans. 1S30), 
and of late so successfully applied by Messrs. Cooper and Carey 
for theii gas microscope, gives the prismatic colours almost as 
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bright as in the solar spectrum. The light emitted by iron feebly 
incandeacent consists principally of the red rays, as does the red 
light obtained by means of strontia and lithia ; that from ignited 
boracic acid is such a mixture of the blue and yellow rays as con- 
etitutcB green ; and incandescent soda emits a yellow light, almost 
wholly free from the rays which cause the red and blue colours. 

Artificial light differs from solar light in containing heat in two 
states. It contains simple radiant heat like that radiated from a 
body not luminous, and which may be separated by transmission 
through a plate of moderately thick glass ; but the light bo purified 
still heats any body which absorbs it, possessing calorific rays asso- 
ciated with its luminous raya like those in solar light (page 103,) 
and like them susceptible of refraction by transparent media. 
Thus, Danicli found that the rays from incandescent lime were 
concentrated by convex lenses, and set fire to phosphorus placed in 
the focus (Phil. Mag. N. S. ii, 59). Agreeably to the researches 
of Melloni (page 20,) artificial light contains different modifica- 
tions of radiant heat, which not only differ in rcfrangibility, but in 
transmissibility through diathennanous media. 

The chemical agency of artificial light is analogous to that from 
the sun. In general the former is too feeble for producing any 
visible effect ; but light of considerable intensity, such as that 
from ignited lime, darkens chloride of silver, and seems capable of 
exerting the same chemical agencies as solar light, though in a 
degree proportionate to its inferior brilliancy. (An, of Phil, xxvir. 
451.) 

Light emanates from some substances either at common tempera- 
tures or at a degree of heat disproportioned to the effect, giving rise 
to an appearance which is called phosphorescencr. This is exem- 
plified by a composition termed Canton's pkoaphorui, made by 
mixing three parts of calcined oyster-shells with one of the flowers 
of sulphur, and exposing the mixture for an hour to a strong heat 
in a covered cnicible. The same property is possessed by cliloridc 
of calcium (Homberg's phosphorus), anhydrous nitrate of lime 
(Baldwin's phosphorus), some carbonates and sulphates of baryta, 
strontia, and lime, the diamond, some varieties of fluor-spar called 
chlorophane, apatite, boracic acid, boras, sulphate of potassa, sea- 
salt, and by many other substances. Scarcely any of these phos- 
phori act unless they have been previously exposed to light, though 
they do not always shine with light of the same colour as 
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which excites the phospliorescenee : for some, (lifFuscd daylight or 
even lamp-light will suffice ; while others require tlie direct solar 
light, or the light of an electric discharge. Exposure for a few 
Beconds to sunshine enables Canton's phosphorus tc shine in a dark 
room for several hours afterwards. Warmth increases the intensity 
of light, or will renew it after it has ceased ; — ^but it diminishes 
the duration. When the phosphorescence has ceased it may be 
restored, and in general for any number of times, by renewed ex- 
posure to sunshine ; and the same effect may be produced by pass- 
ing electric discharges through the phosphorus. 8ome phosphoii, 
as apatite and chlorophanc, do not shine until they are gently 
heated ; and yet if exposed to a red heat, they lose the property 
HO entirely that exposure to solar light does not restore it. Pear- 
sail has remarked that in these minerals the phosphorescence, de- 
stroyed by heat, is restored by electric discharges ; that specimens 
of fluor-spar, not naturally phosphorescent, may be rendered ao by 
«!eetricity ; and that this agent exalts the energy of natural phos- 
phori in a very remarkable degree. (R. Inst. Journal, N. S. i.) 
The theory of these phenomena is obscure. Chemical action is 
not the cause, for these phosphor! shine in vacuo or in gases which 
do not act chemically on them, and some even under water. It 
may be presumed that light causes in them a certain vibratory state 
analogous to that, though in a far lower degree, which exists in 
incandescent matter. 

Another kind of phosphorescence is observable in some bodies 
when strongly heated. A piece of lime, for example, heated to a 
degree which would only make other bodies red, emits a brilliant 
white light of such intensity that the eye cannot support its im- 
pression. 

A tlnrd species of phosphorescence is observed in the bodies of 
some animals, either in the dead or living state. Some marine 
animals, and particularly fish, possess it in a remarkable degree. 
It may be witnessed in the body of the herring, which begins to 
phosphoresce a day or two after death, and before any visible sign 
of putrefaction has set in. Sea-water is capable of dissolving the 
luminous matter ; and it is probably from this cause that the 
waters of the ocean sometimes appear luminous at night when 
agitated. This appearance is also ascribed to the presence of cer- 
tain animalcules, which, like the glow-worm of this country, or the 
fire-fly of the West IndieSj arc naturally phophorcscent. 
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Light sometimes appears during the process of crystailizalion. 
This is exemplified bj a tepid solution of sulphate of potassa in the 
act of crystallizing ; and it Las been likewise witnessed under simi- 
lar circumstances in a solution of fluoride of sodium and nitrate of 
strontia. Another instance of the kind is afPoriled by the sublima- 
tion of benzoic acid. Allied to this phenomenon is the phos- 
phorescence which attends the sudden contraction of porous sub- 
stances. Thus, on decomposing by heat the hydrates of zirconia, 
peroxide of iron, and green oxide of cliromium, the dissipation of 
the water is followed by a sudden increase of density suited to the 
changed state of the oxide, and a vivid glow appears at the same 
instant. The essential conditions arc, that a substance should be 
naturally denser after decomposition than it was previously, and 
that the transition from one mechanical state to the other should be 
abrupt. 

Instruments designed for measuring intensitiesof light arc termed 
photomcUn. That of Leslie is the only one used to estimate the 
strength of the sun's light. It consists of his differential thermo- 
meter, with one ball made of black glass. The clear ball tmnsmits 
all the light that &IIs upon it, and therefore its temperature is not 
affected ; it is all absorbed, on the contrary, by the black ball, and 
by heating and expanding the air within, causes the liquid to as- 
cend in the opposite stem. The whole instrument is covered with 
a case of thin glass, the object of which is to prevent the bulls from 
being affected by currents of cold air. The action of this photometer 
depends on the absorption of the heat by vhich light is accom- 
panied. 

Leslie recommended his photometer also for determining the re- 
lative intensities of artificial light, such as that of candles, oil, or 
gas. This application of it diflVrs from the foregoing, because 
light from terrestrial sources contains calorific rays of different pro- 
I perties ; some being largely absorbed by glass, and others freely 
tJansmisaible. The former, being for the most part arrested by 
[ the outer glass-case, will not cause any great error ; but the latter 
I must give rise to serious fallacies whenever the calorific and lumi- 
nous rays ofthe two lights are not in the same ratio. This is rarely, 
I if ever, the case with lights which differ in colour. Thus, the light 
I emitted by burning cinders or red-hot iron, even after passing 
I trough glass, contains a quantity of calorific rays, which is out of 
kail proportion to the luminous ones ; and, consequently, they may 



i 



no LIGHT. 

and Jo produce a greater effect on the photometer than some lights 
whose illuminating powers are far stronger. 

A photometer on a different principle has been described by 
Rumford in his Essays. It determines the relative streogtli of 
lights by a comparison of their shadows, and is susceptible of great 
accuracy when employed with the required care ; but,* like the 
foregoing, its indications cannot be trusted when there is much 
difference in the colour of the lights. In this case, the best proce- 
dure is, to observe the distance from each light at which any given 
object, as a printed page, ceases to be distinctly visible. The illu- 
minating power of the lights so compared is as the squares of their 
distances. 
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ON THE RELATIONS OP HEAT AND LIGHT. 

Radiant heat and light have the most intimate resemblance. 
They arc distributed, reflected, refracted, absorbed, transmitted, 
polarized, according to laws so esactly parallel, as to force on the 
mind the conviction that their causes are likewise similar. If light 
be due to ethereal vibrations, it is dif&cult not to assign a similar 
cause to radiant heat. The obstacle to adopting this view arises 
from the peculiar relations of heat to matter as connected with 
change of form, with specific heat, and with heat of temperature. 
The outline of such an undulatory theory might be thus stated ; — 
Heat may be considered identical with the universal ether, so that 
the terms ether and matter of heat would apply to the same sub- 
stance. Diffused within the pores of bodies tliis ether causes the 
condition of temperature, and in a state of more intimate union 
it determines their form. Conduction may be due to a pecu- 
liar vibration of ether, advancing slowly among the molecules of 
matter, and modified by their presence, — a radiation fi-om particle 
to particle. Common radiation of heat may be ascribed, not to 
the ether itself being ejected from a hot body ; but to ethereal 
impulses originating in the same manner as those of light, but hav- 
ing waves of different grades both of length and intensity. It 
would not be prudent, however, at present to embody such a theory 
with the ordinary doctrines of heat, though as a scientific specula- 
tion it is a subject of great and increasing interest. 

* See an Essay on the ConstructioD of Coal Oas Burners, &C. in the Edinburgh 
Fbiloiopbicai JourniU. for ltJ25. 
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ELECTRICITY. 



Elementary Fads. — When certain Bubstances, such m amber, 
glass, sealing-wax, suJptiur, are rubbed with dry silk or elotb, they 
are found to liave acquired a property, not obsen*able in their ordi- 
nary state, of causing contiguous light bodies to move towards 
ttera ; or if the substances so rubbed be light and freely suspend- 
ed, they will move towards contiguous bodies. After a while this 
curious phenomenon ceases ; but it may be renewed an indefinite 
number of times by friction. Tbe principle thus called into action 
is known by the name of electricity, from the Greek word rihixr^ov^ 
amber, because the electric property was first noticed in it. 'I'hc 
same term is applied to tbe science which treats of tbe phenomena of 
electricity. 

When a substance by friction or any other means acquires the 
property just stated, it ia said to be dectrtfied, or to be electrically 
excited ; and its motion towards other bodies, or of other bodies 
towards it, is ascribed to a force called cUctric altraclion. But 
its influence, on examination, will be found to be not merely at- 
tractive ; on the contrary, light substances, after touching the elec- 
trified body, will be disposed to recede from it just as actively as 
they approached it before contact. This is termed electric repulsion. 
By aid of the electrical machine, electric attraction and repulsion 
may be displayed by a great variety of amusing and instructive 
experiments, showing how readily an invisible power is called into 
operation, and how wonderfully inert matter is subject to its con- 
trol. But the student may witness these effects quite satisfactorily 
by very simple apparatus. Let him suspend a thread of white sew- 
ing silk from the back of a chair so that one end may hang freely, 
taking the precaution to moisten that end slightly by holding it be- 
tween the fingers, while the rest of the thread is carefully dried by 
tbe fire ; and let him then place near the ft«e end of a piece of 
sealing-was previously rubbed on the sleeve his coat The silk 
will move towards it ; but after touching the excited wax two or 
three times, it will recede from it. 

When an electrified body touches another which ia not electri- 
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fied, tlic electric property is iiupartoil liy .tlic_ former to tlia latter- 
Thus, on toucliing the free end of the suspended silk tliread witJi 
tiie excited was, the silk will itself be excited, as shown by i^ 
moving towards a book, a knife, or other tmexcited object placed 
near it. But although electricity is always imparted by an excited 
to an unexcited body by contact, the latter does not always exhibit 
electric excitement. If, for example, the suspended silk be wette^ 
along its whole length, it will be strongly attracted by the escited 
wax, but after contact it will not evince the least sign of being 
itself electrified. Nevertheless, electricity is communicated tOithe 
silk in both eases ; only it is retained by silk when dry, and is los( 
as goon as received by wet silk. Such observations led to the diifr; 
covery that electricity passes with great ease over the surface of 
some substances, and with difficulty over that of others, and henc^ 
to the division of bodies into conductors and non-conductors o? 
electricity. If electricity be imparted to one end of a conductor, 
such as a copper wire, the other extremity of which touches the; 
ground, or is held by a person standing on the ground, the electri-. 
f^ij will pass along its whole length and escape in an instapt, 
tliough the wire were several miles long ; whereas excited glass and 
resin, which are non-conductors, may be freely handled without, 
losing any electricity except at the parts actually touched. To the. 
class of conductors belong the metals, charcoal, plumbago, water,, 
and aqueous solutions, and substances generally which are moisk) 
or contain water in its liquid state, such aa animals and plants, and, 
the surface of the earth. These, however, differ in their conduct-, 
ing power : of the metals, Harris found silver and copper to bo. 
the test conductors ; and after these follow gold, zinc, platinum,, 
, tin, lead, antimony, and bismuth (Phil. Trans. I827).;i 
'f his order, as Forbes has remarked, is nearly that of their con?, 
ducting powers for heat. Aqueous solutions of acids and salts., 
conduct much better than pure water. To the list of non-conduct-j 
ors belong glass, resins, sulphur, diamond, dried wood, precloiiB . 
stones, earth and most rocks when quite dry, silk, hair, and wool.j 
Air and gases in general are non-conductors if dry, but act aa cta^^j 
ductois when saturated with moisture, i , ,,,.'j 

This knowledge is of continual application in electrical experi-:^ 
meats. When it is wished to collect electricity on a metallic , 
surface, the metal nuist be insulated, that is, cut off from contacts, 
with the earth, and with conductors touching the ground, byfl^W 
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F some non-conductor ; an object commonly effected eitlier by 
q>porttng it on a handle of glass, or by placing it on a stool made 
" "t glaae feet. Another mode of insulating is to suspend a sub- 
■stance by silk threads. But such insulators must be dry ; since 
they begin to conduct as soon as they grow damp, and conduct 
■well, as in the experiment above described, when wet. Again, 
electrical experiments are very apt to fail in damp weather, because 
the moisture both carries otF electricity directly, and by being de- 
posited on the glass supports destroys the insulation. 

To diminish this inconvenience it is usual to keep the insulators 
warm, and to coat them with a varnish made by dissolving the resin 
called shell-lac in alcohol, this resinous matter being much less 
prone to attract moisture from the air than glass. The same prin- 
ciples account for an error once prevalent that a metal cannot be 
excited by fiiction : if held in the hand, indeed, it exhibits no sign 
of excitement when rubbed, because the electricity is carried off as 
soon as excited ; but if, while carefully insulated, it is nibbed with 
a dry cat's fur, excitement readily ensues. 

On comparing the electric properties manifested by glass and 
sealing-wax when both are rubbed by a woollen or silk cloth, they 
will be found essentially different; hence it is inferred that there 
are two kinds or states of electricity, one termed vitreous, because 
developed on glass, and the other resinous electricity, from being 
first noticed on resinous substances. These two kinds of electri- 
city, one or other of which is possessed by every electrified sub- 
stance, are abo termed positiee and negative, the terms vitreous 
and positive being used synonymously, as are resinous and nega- 
tive: they are also denoted by the signs +and — . If two electri- 
fied substances are both positive or + , or both negative or — , ihey 
are invariably disposed to recede from each other, that is, to exhibit 
electric replusion ; but if one be + , and the other — , their mu- 
tual action is as constantly attractive. The end of a silk thread, 
after contact with an electrified stick of sealing-wax, is repelled by 
the wax, because both are — ; but a dry warm wine-glass, if rub- 
bed with cloth or silk, will be + , and if then presented to the 
thread, attraction will ensue. A silk thread, in a known electric 
state, thus indicates the kind of electricity possessed by other sub- 
stances : a convenient mode of doing this, is to draw a thread of 
white silk rapidly through a fold of coarse brown paper previously 
J wanned, by which means its whole length will be rendered + . 
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When two substances arc rubbed together so as to electrify one 
of them, the otlier, if in a state to retain electricity, will be excited 
also, one being always — , and the other + . It is easy to be 
satisfied of this by very simple experiments. Rub a stick of seal- 
ing-was on warm coarse brown paper, and the paper will be found 
to repel a positively excited thread of silk, while the was will 
attract it ; if a wann wine-glasa be rubbed on the brown paper, the 
glass will be + ,as shown by its repelling the + thread, while 
the same thread will be attracted by the — paper ; friction of 
sealing-wax on a silk riband renders the wax — and the riband + , 
but with glass the riband is — . If two silk ribands, one white 
and the other black, be made quite warm, placed in contact, and 
then drawn quickly through the closed fingers, they will be found 
on separation to be highly attractive to each other, the white being 

+ , and the black — . The back of a cat is + to all substancCB 
with which it has been tried, and smooth glass is + to all except 

the back of a cat. Sealing-wax is — to all the Bubstances just 
enumerated, but becomes + by friction with moat of the metaJs.' 

The reader will perceive ftom these facts that the same substance 
may acquire both kinds of electricity, becoming + by friction withr 

one body, and — with another. 

THEORIES OF ELECTRICITY. 

The nature of electricity, like that of heat, is at present involved 
in obscurity. Both these principles, if really material, are so lightj 
subtile, and diffusive, that it has hitherto been found impossible to 
recognise in them the ordinary characteristics of matter ; and there- 
fore electric phenomena may be referred, not to the agency of a 
specific substance, biit to some property or state of common mattery 
just as sound and light are produced by a vibrating medium. But 
the effects of electricity are so similar to those of a mechanical 
agent — it appears so distinctly to emanate from substances which 
contain it in excess, and rends asunder all obstacles in its course so 
exactly like a body in mpid motion, that the impression of its ex-* 
istence as a distinct material substance sui generis forces itself 
irresistibly on the mind. All nations, accordingly, have spontanea 
ously concurred in regarding electricity as a material principle] 
and scientific men give a preference to the same view, because it 
offers an easy explanation of phenomena, and suggests a natural 
language easily intelligible to all. 
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Thewry of two Electric /^/wicfc.— This theory, the fundamental 
&cts of which were supplied partly by Dufay, and partly by Sym- 
mer, ifr founded on the assumed existence of two electric fluids, 
whidi Du&y distinguished by the terms vitreous and resinous elec* 
tricity. In order to accoimt for electric phenomena by this suppo- 
sition, the two fluids are assumed to possess the following proper- 
ties :— They are both equally subtile and elastic, universally difinsed 
and therefore present in all bodies, possessed of the most perfect 
fluidity) etch highly repulsive to its own particles, and as highly 
attractiyeto those of the opposite kind, these attractive and repul- 
sive forces being exactly equal at the same distance, and both vary- 
ing invenely as the square of the distance varies. Electric quies- 
crace is ascribed to these fluids being combined and neutralized 
with eadi other ; and electric excitation is the consequence of cither 
fluid beipg in excess. Their combination is destroyed by several 
ONUKSf of which friction is one. The application of these princi- 
ples is as follows. Two unexcited contiguous bodies, a and b, are 
electriically indiflPerent to each other ; for, though each electricity 
in A repels, the electricity of the same name in b, attraction to pre- 
cisely the same extent is exerted between the opposite electricities, 
and no change results. If a and b are rubbed together, a portion 
of the combined electricities in both is decomposed, and the sepa- 
rated resinous fluid is transferred to one of them, suppose to a, and 
the vitreous to b, each being electrified to the same degree, though 
oppositely. The free particles of resinous electricity in a tend by 
their repulsion to recede from each other, and would quit a altoge- 
ther, unless their passage were impeded by a non-conductor : the 
atmosphere, if dry, cuts off the retreat, and by its pressure confines 
the resinous fluid to the surface of a. The same happens to the 
vitreous fluid on the surface of b. But the opposite electricities 
fixed on a and b exert a strong mutual attraction, and may succeed 
either in forcing their way across the intervening stratum of air, or 
of actually drawing a and b into contact. In either case the free 
dectricities reunite, and the electric equilibrium is restored. On 
the contrary, if a and b are similarly electrified, that is, possess the 
same hind of free electricity, the effort of the electric fluid to escape 
in opposite directions causes the substances themselves to fly asun- 
der, if the repulsive force exceed their weight, and thus produces 
electric repulsion. 

This theory, as commonly stated, takes little or no cognizance of 
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any attraction between tUe electric fluids and other material sub- 
stances. But it would be against all analogy to suppose no such 
influence to exist; and indeed the supposition of an attractive force 
acting at insensible distances seems necessary to account for the 
impediment caused by non-conductors to the free movement of the 
electric fluids. 

Theory of a single Fluid. — The celebrated American philoso- 
pher, Franklin, proposed a different theory, founded on the suppo- 
sition of a single electric fluid, tlic particles of which are conceived 
to repel each other with a force diminishing as the squares of the 
distance, and to be attracted by matter in general according to the , 
same law. Material substance in its unelectrie state is regarded aa 
a compound of electricity and matter, saturated and neutralized 
with each other. It is also an assumption, shown to be necessary 
by jEpinus and Cavendish, that ponderable bodies repel each 
other with the same force and according to the same law as the 
particles of electricity. From the nature of these postulates it will 
be easy to anticipate their application. Unelectric bodies are aueli 
as have their natural quantity of electricity, wbich precisely suffices 
to saturate and neutralise the matter of which they consist. They 
are then electrically mdifferent ; because the repulsion exerted 
between the electricity and matter of contiguous bodies is exactly 
counteracted by the attraction of the electric fluid in each for the 
matter of the other. Electrical excitement is occasioned either by 
increase or diminution of the natural quantity of electricity. On 
rubbing a tube of glass with a woollen cloth, the electric conditioB. 
of both is disturbed : the glass acquires more electricity than it 
naturally possesses, or is overcharged with electric fluid ; and the 
cloth, losing what the glass gained, contains less than its natural 
supply, or is under-charged. These opposite states are denoted 
by the algebraic terms positive and negative; the former corre- 
sponding to the vitreous, the latter to the resinous electricity of 
Dufey. Bodies positively excited, repel eacli other by reason of 
the repulsion among the particles of the electricity with which they 
are surcharged; and the equal tendency of negatively excited bodies 
to separate is ascribed to the mutual repulsion among the patticlea 
of matter. The electric equibbrium in excited substances is re-. 
stored by the electricity escaping from those where it is in exceas^i 
i passing to those which are under-charged. : 

To the theory of Franklin it is usually objected that k invoheai 
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bH assumption at variance with the laws of gravitation, namely", 
duit of matter being repulsive to itself; but this objection is un- 
founded, as the laws of gravitation have been investigated for mat- 
ter only when in its ordinary state, and probably do Dot apply in 
eBses of electric excitement. The researches of Mossotti on the 
forces which regulate the internal constitution of bodies amply 
JDstify this conclnsion. Adopting with Franklin a single electric 
flaid, he has shown that grovitation is perfectly consistent with the 
■upposition that the molecules of matter are repulsive to each other: 
for were the repulsive force exerted between molecules of matter but 
^htly less powerful than the attraction of electricity for matter, 
« than the mutual repulsion of the atoms of the electric fluid, gra- 
vitation would be nn immediate consequence of electric equilibrium. 
He has supported this opinion by a mathematical investigation of 
the conditions of equilibrium both for the molecules of matter and 
."for the electric fluid. The results at which he arrived show that 
. t^vo molecules of matter surrounded by their electric atmospheres, 
jfte mutually attractive when separated by a sensible distance; — that 
'tiie attraction increases on the approach of the atoms up to a cer- 
tiin point, where the attractive force attains its maximum, and be- 
ftmA which the molecules arc mutually repulsive. In this manner, 
gtavitation, cohesion, and the resistance of matter to compression, 
are attributed to the same forces. These views certainly afford a 
bsppy explanation of the molecular mechanism ; but as they have 
Hot yet been suiRciently tested, I shall retain the theory of the two 
electricities, which was adopted in former editions, substituting 
however, agreeably to present usage, the terms positive and nega- 
tive, for vitreous and resinous electricity. 



^■^, CAUSES OF ELECTRIC EXCITEMENT. ..„i 

^^L-^iFriction. — This cause of electric excitement having been alr-l 
^Bfbady mentioned, it liere only remains to state the usual modes 
^^<tf developing electricity by friction. A supply of negative elec- 
tricity is easily obtained by rubbing a stick of sealing-wai, or a 
glass tube covered with sealing-wax, with silk or woollen cloth; 
and positive electricity is freely developed when a dry glass tube' 
is rubbed with silk, brown paper, or flannel, the surface of which' 
is covered with a little amalgam. But for obtaining an abiin-J- 
dant supply of electricity it is necessary to employ an electrical 
machine, vhich is a mechanical contrivance for expomng a latge 
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surfiAce of glass to continuous friction. As now constructed, it 
is formed either with a cylinder or plate of glass which is made 
to revolve upon an axis, and pressed during rotation by cushions 
or rubbers made of leather stuffed with flannel, and covered tisually 
with silk. On the rubber is spread an amalgam of tin and zinc, 
rendered adhesive by admixture with a small quantity of lard or 
tallow. To prepare the amalgam, melt in a Hessian crucible one 
ounce of tin and three of zinc, then add two ounces of mercury 
heated to near its boiling point, stir briskly with a stick for a few 
minutes, and pour the mixture on a clean dry stone : when cold, 
pulverize and sift, and preserve the fine powder in a well-corked 
dry phial. Another essential part of the machine is the prime 
conductor^ which is an insulated conductor, commonly made of 
brass, placed in such immediate proximity to the revolving glass, 
that the electric state of the one is instantly imparted to the 
other. 

The electricity developed by the electrical machine is due partly 
to friction, which disunites the combined electric fluids of the 
glass and rubber, but principally to the oxidation of the amalgam. 
The positive fluid is transferred to the glass, from it to the con- 
tiguous prime conductor, and thence to any system of conductors 
connected with the prime conductor; and similarly the negative 
fluid collects upon the rubber, whence it is distributed to one or 
more conductors with which the rubber may be in connexion. 
Thus all insulated conductors in contact with the prime conductor 
are -f, and those attached to the rubber are — . When once 
the glass and rubber are excited, it is necessary that the electric 
equilibrium of both should be restored before a second develope- 
ment can occur ; and accordingly it is found that very little elec- 
tricity is obtained when the prime conductor and rubber^s con- 
ductor are both insulated. On taking + electricity from the 
prime conductor, the rubber should communicate with the ground, 
that its — electricity may escape ; and when — electricity is taken 
from the rubber's conductor, the prime conductor is connected 
with the ground. The same object may be accomplished by con- 
necting the prime conductor with the rubber'^s conductor, though 
in experiments it is commonly inconvenient to employ this arrange- 
ment. 

Change of ^empcra^ttrc— The operation of this cause of elec- 
tric excitement was first noticed in certain minerals, such as tour- 
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malm and boiacitei not possessed of tliat symmetric arrangement 
of parts commonly observed in crystals, and ^hich are electrified 
by the application of heat. But a &r more general principle was 
detected by Seebeck, who found that the electric equilibrium is 
disturbed in certain metallic rods or wires when one extremity 
has a different temperature from that of the other, whether the 
difference be effected by the application of heat or cold. This 
observation has been since shown by Gumming to be true of all 
metals (An. of Phil. N. S. v. 4S7) ; and the same subject has 
been examined by Prideaux (Phil. Mag. and An. iii.). The ex- 
periment is usually made by heating or cooling the point of juno 
tion. of two metallic wires, which are soldered together; but 
Becquerel has proved that the contact of different metals is not 
essential. (An. de Ch. et Ph. xli. 353.) 

Chemical action. — ^Another, and perhaps by far the most fer- 
tile, source of electricity is chemical action. This was strongly 
denied by Davy in his Bakerian lecture for 1826; but the ex- 
periments of Becquerel, De la Rive, and Pouillet, afford decisive 
proof ihat chemical union and decomposition are both attended 
with electrical excitement (An. de Ch. et Ph. vol. 35, 36, 37, 
88, and 89), Pouillet, in particular, has demonstrated that the 
gas arising from the sur&ce of burning charcoal is + , while the 
charcoal itself is — ; and he has proved that similar phenomena 
9te produced by the combustion of hydrogen, alcohol, oil, and 
other inflammables of the same kind. In all these instances the 
combustible, in the act of burning, renders contiguous particles 
— ; while the oxygen imparts 4- electricity to the products of 
combustion. The fact, with respect to charcoal, was originally 
noticed by Volta, La Place, and Lavoisier, but was subse- 
quently denied by Saussure and Davy. Pouillet has reconciled 
these conflicting statements by showing that the result depends on 
the mode in which the experiment is conducted. For if the car- 
bonic acid be completely removed from the burning mass at the 
instant of its formation, both are found to be electrical ; but if the 
carbonic acid subsequently flow over the surface of the charcoal, 
the equilibrium will instantly be restored, and no sign whatever 
of excitement be perceptible. Decisive evidence of the same 
kind is supplied by the amalgam of the electrical machine, the 
influence of which is proportional to the degree of chemical action, 
and which ceases to be useful as soon as the metals are oxidized. 
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Thus, Wolkfiton found thst amalgams of slWer and platiBum^ 
«irhicli are isdisposed to oxidize, are of no use when applied to the 
n^ber ; and that an amalgam of zinc and tin, which is the most 
gxidable, is also the best amalgiun for exciting the machine. He 
pltSBTVed that a machine in good action ceased to act when sur- 
rounded with carbonic acid, but instantly recovered ita action on 
roadniitting the air (Fhil. Tran«. 1801). On such facts is founds 
ed the foregoing statement, that the energy of the electrical ma- 
cliine is much more owing to chemical action than to friction. 
. Contact.- — Another reputed source of electricity is contact of 
different subatances, especially of metals ; a source originally sug- 
gested by Volta, who founded on it a theory of galvanism. The 
fiicts on which Volta rested his opinion were of this nature. Well- 
cletJicd plates of zinc and copper were furnished with glass handles, 
Jty which they coidd be both supported and insulated : the zinc 
plate,, held by ita glass handle, was laid repeatedly on the copper, 
which at the time need not be insulated, and after each contact 
the zinc was made to touch the instrument, shortly to be described, 
called the condenser. A + charge was gradually accumulated ; 
^d on operating in the same manner with an insulated plate of 
copper, it was found to communicate a ~ charge. He also stated 
that if one end of a zinc plate communicate with the condenser, 
while the zinc at its other end is in contact with a plate of copper, 
^ + charge is communicated ; and that — electricity is indicated 
^hcn a copper plate, in contact with zinc at one end, rests at its 
other upon the condenser. From such experiments it was in- 
ferred, that the contact of zinc and copper disturbs the electric 
eq^uilibrium in both metals, the latter acquiring an excess of — 
^ud the former of + electricity. 

1 The quantity of electricity developed by contact is confeaaedly 
so small, that it requires for its detection the aid of very delicate 
irLBtruments and of very careful manipulation ; and the opinion 
is d^ly gaining ground that mere contact is incapable of causing 
electric excitation. The phenomena referred by Volta to con- 
tact, , arc ascribed by others to chemical action and to friction, 
i^e la Rive contends (An. de Ch. et Ph. xxxix. 297 ; Ijtii. 147), 
that the feeble charge commonly observed from the contact of 
y^p and copper, is due to slight oxidation caused by moisture 
§ji4 oxygen of tlic air acting on the plate of zinc. When he 
pr^y^ted quoh oxidation by operating in an atmospht^re oC 
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liydrogCTi or nitrt^en, no electric excitement foJtowed ; and when 
be purposely increased cliemical action, as by exposing the zinc 
to acid fumes, or by subatituting for zinc a more oxidable metal, 
well. as potassium, the electrical effects observable on contact with 
copper were greatly augmented. Electric excitation and chemical 
action were observed to be strictly proportional to each other. 
Again, Parrot of St. Peteraburgh (An. de CL. et Ph. xlvi. 361) 
not only confirms the statements of De la Rive, but shows that 
. those instances where electric excitement lias been witnessed 
indcr circumstances which appear to exclude chemical action, the 
phenomenon may be ascribed to friction of the metals. He gives 
as the result of numerous experiments made with strict care, that 
the contact of zinc and copper, if unattended by friction or chemi- 
cal action, causes not the least developement of electricity. The 
opposite evidence adduced by Volta and others must therefore, I 
apprehend, be rejected ; and the only remaining facts in favonr 
of Volta's opinion arc derived from certain chemical agencies 
evinced by metals during contact, a subject which will be discussed 
in the section on galvanism. 

Changes of form. — The changes of form caused in a substance 
by variations of temperature, such as liquefaction and sol id iG cat ion, 
the formation and condensation of vapour, constitute another 
reputed source of electricity. On liquefj-ing sulphur in a glass 
yessel, and removing the cake after cooling, the sulphur is found 
to be — and the glass + ; and on pouring water into a hot 
iron vessel or on a hot coal communicating with a delicate elec- 
trometer, the rapid evaporation of the water is attended with de- 
lve indications of electrical excitement. To processes of this 
nature, continually taking place in the atmosphere, the electricity 
of the clouds is generally ascribed. But the opinion is questioned 
by Pouillet, who has shown that in most of the experiments ad- 
duced in its favour, chemical actions ensue at the same time, and 
that the greatest part of the effect is due to such changes. If, for 
ej[ample, evaporation be accompanied by chemical decomposition, 
as when saline solutions are evaporated, the water being separated 
from the salt with which it was previously united, or if the vessel 
consist of iron or other easily oxidable material, which is more or 
less chemically attacked by the evaporating water, then the de- 
Telopement of electricity is very decisive ; but he contends that 
pare water ev^oratcd in a clean platinum vessel gives rise to no 
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electrical excitement whatever. From Buch experiments Pouiliet 
concludes that the electricity, hitherto referred to changes of fonn, 
is entirely owing to the chemical action by whicL they arc gene- 
rally attended ; and these phenomena, of which evaporation .from 
the ocean, rivers, and the surface of the earth, affords an instance, 
pure water being thereby separated from its saline impregnation, as 
also the chemical changes attendant on the growth and nutrition of 
plants, he regards as a fertile source of atmospheric electricity 
(An. de Ch. et Ph. xsxv. 401, and xsxvi. 5). In these views 
there is much truth. I have repeatedly noticed free electric ex- 
citement ou pouring a solution of chloride of sodium or sulphate of 
Boda into a heated platinum crucible, and also when pure water was 
dropped on red-iiot iron or a glowing cinder ; but I have as con- 
stantly failed of procuring any indication when pure water was eva- 
porating on platinum. Harris, however, with an apparatus of 
unusual delicacy, finds evaporation of pure water from platinum to 
be attended with distinct devclopement of electricity. 

Proximiii/ to an electrified body. — It is a direct consequence of 
the attractive and repulsive powers ascribed to the electric flnids^ 
that an unelectrified conductor must be excited by the vicinity of . 
an electrified body. Let ab, fig. 1, be an *''e- !■ 

unexcited conductor, supported on an in- |_ 
sulating glass rod be ; and let c, contain- 
ing free + electricity, and similarly in 
latcd, be placed near it on the side a. ■ 
The free + electricity on c will both repel the + fluid of ab, and 
attract its — fluid, and the result of these concurring forces is in- 
stantly to decompose a portion of the combined electricities of ab, 
the free — fluid approaching as close as possible to c, and the x 
fluid receding from it. The opposite ends of the conductor ab are 
thus oppositely electrified, and in an equal degree : the excitement 
is found, as would be anticipattd, to be greatest at the extremities, 
and to diminish gradually towards the middle line ab, which is 
neutral. The quantity of electricity thus set free depends on the 
extent to which c is excited, and on its distance from ab. If now 
c be suddenly withdrawn, the opposite fluids at a and b coalesce, 
and the equilibrium of ab is restored. But so long as c retains 
its position, a will be — , even were it uninsulated. The only 
effect of communication with the ground is to neutralize the + 
fluid at B by supplying to it — electricity from the earth : if after 
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hilving eflfected this by tQUching the cylinder for an instant with 
the finger, c be withdrawn, ab is left with an excess of the — 
fluid.— The electricity thus developed by the contiguity of an elec- 
tarified body is said to be tnducedj or to be excited by induction. 

The student should reflect carefully on these inferences from the 
theovy of electricity, since the applications of such knowledge are 
numeioiis. A few of these may now be enumerated :^- 

1« An electrified body attracts light objects near it, because it 
indaces in them a state opposite to itself. The attraction is most 
livelj when the light object is a conductor, and in contact with the 
groimdy since it then more completely assumes an electric state 
opposed to that of the inducing body. A non-conductor is very im- 
perfectly electrified by induction, because the electric fluids cannot 
quit each other from inability to move through the non-conductor. 

2. If a stick of sealing-wax, strongly — be presented to a thread 
or pith ball which is also negatively, but feebly, excited, repulsion 
will ensue at a considerable distance, followed by attraction when 
the distance is small. This attraction is due to the strongly ex- 
cited wa¥ acting by induction on the feebly — thread, thereby 
causing it to have an excess of + electricity. 

8. The + electricity collected on the prime conductor of an 
electrical machine is by some ascribed, not to a transfer of that fluid 
from the glass to the prime conductor, but to a part of the com- 
bined electricities of the prime conductor being separated by in- 
duction, and the — fluid being imparted to the -\- glass. The 
same view is applicable to any system of conductors in contact 
with the prime conductor, as also to conductors connected with the 
rubber. It is difficult to say which explanation is the more cor- 
rect, or whether both may not be true. 

4. On moving the hand towards the prime conductor of an 
excited electrical machine, the hand becomes — by induction, and 
the spark ultimately obtained restores the equilibrium. In like 
manner a negatively electrified cloud renders -f- a contiguous tree 
or tower, and then a stroke of lightning follows as a consequence 
of attraction between the two accumulated fluids. 

6. The action of the Leyden Jar depends on the principle of 
induced electricity. A glass jar or bottle with a wide mouth is 
coated externally and internally with tinfoil, except to within three 
or four inches of its summit ; and its aperture is closed by dry 
wood or some imperfect conductor, through the centre of wluch 



^A ELECTRIClTy. 

'f^eaii'lBL^tjiiHcl^'d communicating witt t}i^'tWfi)ir6^''fliy'iii&TJI 
of the jar. On placing the metallic rod in contact witli tJie prime 
conductor of an excited electrical machine, while the outer coat^ 
ing communicates with the ground, the interior of the jar ac- 
quires a charge of + electricity, and the exterior becomes as 
strongly — , If, the jar being insulated, the metallic rod be 
placed close to the prime conductor, avoiding actual contact, 
while an uninsulated conductor be held at an equal distance from 
the outer coating, electric sparks in equal number and of equal 
size will pass between both intervals, and both sides of the jar are 
found to be in the same condition as before ; but no charge will be 
received when the inner coating communicates with the prime con- 
ductor, and the outer coating ia strictly insulated. From these 
fhets it is inferred that the interior of the jar becomes + , either by 
receiving + electricity directly from the prime conductor, or, as id 
more probable, by communicating to it — electricity ; and that 
the exterior then becomes — by the loss of a quantity of + elec- 
tricity, equal to that on the interior. Unless means be afforded 
for the escape of the -j- electricity from the exterior, no charge 
ought to be received ; and this conclusion is quite conformable to 
the fact above stated. 

The opposite electric fluids accumulated on the opposite sides 
of a charged Leyden jar exert a strong mutual attraction through 
the substance of the glass, and the presence of either secures the 
continuance of the other. The exterior of the jar may be freely 
handled, and its coating removed, without destroying the charge, 
provided no communication be made at the same time with tlie 
interior; and if the exterior be insulated, the charge will be pre- 
served, though the tinfoil of the interior be removed. But when a 
condnetor communicates with both surfaces at the same instant, 
the two fluids rush together with violence, and the equilibrium is 
restored. Whether in this and similar cases the two fluids co- 
alesce entirely on the intermediate conductor, or whether each 
from its velocity may not in part pass the other, and be projected 
to the opposite surface, is a question on which electricians are not 
agreed. 

The Leyden jar afibrda the means of passing through bodies a 
lat^ge quantity of electricity. For not only may jars of any requir- 
ed-Hire be employed, but it is easy so to arrange any number of 
Budi jars, that they shall all be charged and discharged at the 
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same time, constituting what is termed an electrical battery. The 
arrangement is made by placing a number of Leyden jars in a box 
lined witli tinfoil, by which means their outer surfuces have ftoe 
metallic communication with each other, and connecting Uieii inner 
Burfaces by wires. 

The explanation above given of the action of a Leyden jar 
suggests a curious point of theory. A jar after it has been dis- 
charged contains a smaller quantity of the combined fluids than 
before it was charged, since the act of charging is ascribed to loss 
pf — electricity by the inner and of + electricity by the outer 
lyrfece of the jar, which loss is not restored at the moment of the 
Hence, if the same jar were charged and discharged 
many times, in succession, the total quantity of electricity remain- 
ing in the jar ought to be diminished : and yet a Leyden jar does 
not seem to be impaired by use, but is equally effective at last a& 
at first. Several kinds of assumption may be made to explain this. 
-1, The quantity of electricity present in bodies may be so enor- 
LOU8, that any loss obtained in our experiments is inappreciable. 
^ There may be some unknown mode by which electricity abs- 
[cted from a substance is restored to it. 3, It may be that 
;n the total quantity of electricity in a jar is diminished to a 
oertwn extent, the excited prime conductor no longer charges the 
interior by decomposing its combined fluids, but by imparting to 
it + electricity ; and that the outer surface of the jar is then 
supplied with a corresponding quantity of — electricity directly 
from the earth. 

6- The principle of induced electricity was ingeniously applied 

"by Volta in the construction of the Condenser. This appsiatua,, 

2, consists of two brass plates, a and b, sup- Fig. 2. , ,;, 

lortcd on a common stand n. One of the plates 

is attached to the stand by means of a hinge c, 

that, though represented upright, it may be 

iced horizontally, and be thus withdrawn from 

the vicinity of the plate a, the support of which is 

made of glass. On electrifying the insulated plate 

positively, the plate b, expressly placed close to a, 

is rendered — by induction ; and, as happens in ^ 

Leyden jar, tlie excitement of b will be proportional to that 

L. The — charge of a tends to preserve the -|- charge of a, 

,pia.y. consequOTitly receive still more electricity by contact 
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with any + Burfacc, witbout losing what it had previously ac- 
(juired. Thus is electricity accumulated or condensed on a ; bo 
that a substance too feebly excited to produce any appreciable 
effects of itself, may by repeated contact with the insulated plate of 
a condenser communicate a charge of considerable intensity. The 
effect of the accumulation is made apparent by withdrawing b, and 
bringing a in contact with a delicate electrometer. The condenaei 
is much employed in experiments of delicacy, and the plate, a is 
often permanently fixed on the gold leaf electrometer. 

7. The Electropkorus is another contrivance of Volta's, which 
acts by induced electricity. It consists essentially of two parts ; 
one being a. fiat cake of resin, made by pouring melted resin into a ■ 
shallow plate or circular dish of tinned iron, and the other a disk 
of brass, of rather smaller diameter than the resin, supplied with a 
glass handle. The surface of the resin is negatively excited by 
friction or flapping with silk or flannel, and the brass disk is laid 
upon it. The resin being a non-eoaductor retains its own electri- 
city in spite of the super-imposed brass, and decomposes the com- 
bined electricities of the latter, causing its under surface to be -f , 
and its upper — , On touching the brass with the finger, its upper 
surface is neutralized ; and on then withdrawing the brass plate, it is 
found to liave an excess of -|- electricity. On replacing the brass 
as before, the resin, having lost none of its electricity in the pro- 
cess, acts again upon the metallic disk as on the &rst occasion, and 
will continue so to act for an indefinite number of times. Kept in 
a dry place, the electrophorus will keep in action for montlu. 

ELECTROSCOPES AND ELECTROMETERS. 

It is very important, in experiments on electricity, to possess 
easy methods of discovering when a substance is electrified, of ascer- 
taining its rntenstty or the degree to which it is excited, and distin- 
guishing the kind of excitement. The means for effecting these 
objects are founded on electrical attraction and repulsion, and the 
instruments employed for the purpose arc called Electroscopes and 
Electrometers ; the latter denoting the intensity of electricity, — the 
former merely indicating excitement, and the electrical state by 
which it is produced. The term electrometer, however, is often 
indiscriminately applied to all such instruments, since the methods 
of ascertaining the kind of excitement give at the same time some 
idea of its intensity. 
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Gold Leaf Electrometer. — Several simple electroscopic methods 
have already been indicated (page 1 14). Small balls made of the 
pith of elder are used for the same purpose. A single pith ball, 
suspended by a cotton thread, is attracted by a feebly electrified 
substance. Also, when two pith balls are suspended from the 
same point by cotton threads of equal length, and an electrified 
body is placed near them, the two balls are thrown by induction 
into the same electric state, and diverge. The gold leaf Fig. 3. 
electrometer, figure S, invented by Bennett, acts upon the 
same principle, but is far more delicate. It consists of a glnas. 
cylinder cemented below upon a brass plate cd, and corer- 
ed above by a brass plate ab, pierced in its centre for the 
insertion of a glass tube be, the top of which is closed by 
a brass plate a : into this plate is screwed a thick brassi 
wire, which passes through the glass tube, and from the lowor end 
d of which two slips of gold leaf arc suspended. These different 
parts are pnt together while quite dry, all the joinings are secured 
by wax cement, and the glass is covered by lac varnish. The effect 
of these arrangements is to insulate the plate a with its wire and 
gold leaves, while the latter are secure against being moved by 
currents of air. The approach of any electrified body, even though 
feebly excited, to the plate a, is immediately detected by the 
divergence of the leaves, aa shown in the figure. The instrument 
is equally usefiil in indicating the kind of excitement, provided the 
plate and leaves be permanently electrified, which may easily be 
done on the same principle as in charging the metallic disk of an 
electrophoruB. Thus, on placing a negatively excited body, as a 
stick of sealing-wax after friction on woollen cloth, near the brass 
plate of the electrometer, the electric equilibrium of its whole 
metallic stirfece is disturbed : the brass plate becomes + , and the 
slips of gold leaf diverge from being — . If the plate be then 
touched with the finger, the equilibrium of the gold leaves is re- 
stored, and their divergence ceases, while an excess of + electricity 
is preserved on the plate by the vicinity of the — sealing-wai. On 
removing _^)-«( the finger, and then the aealing-wax, the brass is 
left with an excess of + electricity, which extends over the whole 
metallic surface of the electrometer, and thus produces a divergence 
which continues for a considerable time if the glass be dry, and 
the atmosphere moderately free from moisture. The approach to 
the brass plate of a positively excited body increases the diveigence 
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of the gold leaves ; because the plate becomes — by inducticm, 
and the + fluid retiring to the extremities of the leaves, reoden 
them still more + . A negatively excited body has an exactly 
opposite effect, by attracting the + fluid towards the plate and 
from the leaves, and diminishiiig divergence. 

Qaadrant Electrometer. — An instrument much used for estimat- 
ing the degree or intensity of electricity is the quadrant electro- 
meter, figure 4, invented by Henley. It consists rig.4, 
of a smooth round stem of wood a b, about seven 
inches long, to the upper part of wliich, and pro- 
jecting from its side, is attached a semicircular 
piece of ivory. In the centre c of the semicircle is 
fixed a pin, from which is Buspendcd, to serve as 
an index, a slender piece of wood or cane d e, four 
inches in lengtli, and terminated by a small ball- 
When the apparatus is screwed on the prime con- 
ductor of the electrical machine, or placed on any 

electrified body, it indicates differences of electric intensity by tlifl 
extent to which the index recedes from the stem ; and in order to 
express the divergence in numbers, the lower half of the semicircle, 
whicli is traversed by the index, is divided into 90 equal parts 
called degrees. This instrument, though convenient for experi- 
ments of illustration, is not suited to those of research, wherein 
the object is to examine tlie effects of substances feebly electrified, 
and ascertain their relative forces with accuracy. 

Torsion Eleclromettr. — This instrument, invented by Cou- 
lomb, is peculiarly fitted for scientific investigation. It consists of 
a small needle of gum-lac c d, fig. 5, suspended liori- 
zontally by a silk thread as spun by the silk-worm, or 
by a fine silver wire a S ; on the point of the needle 
is fixed a small gilt ball made of the pith of elder ; 
and the whole is covered with a glass case to protect ^ 
it from moisture and currents of air. The pith ball, 
when the apparatus is at rest, is in contact with the j 
knob e of a metallic conductor/e, which passes through i 
a hole in the glass case, and is secured in its place by cement ; 
but when an excited body is made to touch the conductor, the pith 
ball in contact with it is similarly excited, and recedes from it to 
an extent proportional to the degree of excitement. The needle 
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MMA^bMidy dMcabM-Ae uc of a circle, which ii -ncB^ured on Ute 
■gBhAnated an as, ■nd in ita revoliiUon twiata the nipportiiijt 
tiatmi MDra-flr Lbh accoiding to the length of the sic deocribed. 
-Tke ijbanion tliiu occasioned calls into pUy the elasticity of the 
Uuead, — a feeble but constant force, which opposes the movement 
oS.A» needle, meumes by the extent to which it is OTercome the 
M^nltiTe ioree exerted, and brings back the needle to its original 
poaition as soon as the electric equilibrium is restored. It has been 
proT^ that the force which causes the torsion is exactly propoiy 
tionJltO the arc described by the needle. 

AlAiue Electrometer. — Harris hss made a happy application of 
the qvBmon balance and weights to estimate the mutual attraction 
of opf^Mitely electrified snr&cea. The apparatus, figure 6, i 
of a Ibub beam bb', supported by a conductor en ^'K* ^ 

BtancBp^ on a wooden frame aa' ; d is a scale foi 
h^^IHgjreighta, and e its support ; a, b, are gilt 
<JUM>anAe of light wood, a being suspended by 
ft ailver wite from b', and b insulated by the glass 
nppMt A'd'. The instrument is prepared for 
QBO by placing a and d in exact equipoise ; the 
CMie a is aospended so that its base shoJl be oppo- 
Ute.pnd pAndlel to the base of the cone b, as may 
be done by means of three adjusting screws in the 
£iani» aa' ; and I is raised by help of a graduated 
brass slide c, until the bases of the cones are just ^ 
in contact. The cone b is then depressed to any 
dcflired distance, which may be varied at will during an experiiDent«' 
and it is connected with the inner coating of a Leyden jar, ^a- 
outer cofttin^ of which communicates with tlie ftame aa', and alon^ 
CDB with the cone a : these cones may thus be made parts of a> 
charged Leyden jar, and be oppositely excited, as indicated by the 
signs + and — . The attiactive forces exerted between their bases' 
tend to draw down the cone a into contact with b, dischBTging thtf: 
jar ; bat bcfijre it can do so, it has to overcome the weight whii^ ' 
nay be in the scale d. By this ingenious contrivance any numbet' 
of aUactive forces are estimated by a common standard, namdy, " 
the number of grains which each is able to laise. 

Unit Jar. — ^This is another contrivance by Harris, and is a most ' 
important addition to our stock of electrical appaiatus. It is forur- 
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ed of a small inverted Leyden jar, figure T, supported ^*g- T» 
and insulated by a slender glass rod e/", whicli is covered 
vath lac vamisli, and fixed into a wooden &ame a. 
The inner coating of this jar is in metallic contact with 
a brass ball d and a wire a, which wire communicates 
with the prime conductor of an active electrical ma- 
chine ; whereas the brass ball c and wire 4 are connect- 
ed with its outer coating. If the wire b be held in the 
hand, or otherwise communicate with the ground, the 
electrical machine being in action, the jar is charged in 
the usual manner, and is discharged by a spark passing 
between the two brass balls c and d. The interval may 
be increased or diminished by causing one of the balls 
to be moveable by means of a slide or screw. It will ^j 
be readily conceived that successive sparks through the 
same interval must be caused by equal quantities of electricity ; and 
experiment shows this to be the case, provided the apparatus is 
clean and dry, and the charges are taken nearly at the same time, 
that is, while the air in relation to temperature, pressure, and moist- 
ure, may be considered constant. On taking six successive sparks 
we employ six times as much electricity as for one charge, and 
thi-ee times as xnuch as for two charges, the quantity of electricity 
being proportional to the number of charges. It is on this account 
Hairis introduced the term unit jar. 

The principal use of the unit jar is in charging other Leyden 
jars with known proportions of electricity. Thus, if the unit jar be 
charged by the prime conductor, while its outside communicates 
through the wire b with the inside of a large Leyden jar standing 
on the ground, the -f- fluid repelled from the unit jar gives an 
equal -}- charge to the inner coating of the large jar, and its outer 
coating is rendered — by induction. Under these circumstances 
the effect of a spark between c and d is merely to neutralize the 
coatings of the unit jar, without affecting the state of the large jar. 
On giving a second charge to the unit jar the large jar receives an 
increment equal to what it received from the first charge, and the 
second spark merely restores the equilibrium of the unit jar as be- 
fore. A third and fourth charges of the unit jar act on the same 
principle ; and, by continuing the process, any known proportions 
may be given. If the opposite coatings of a jar so charged be con- 
nected with the cones of the balance electrometer previously de- 
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scribed, t&e attractive forces due to known relative quantities of 
electricity may be precisely determined. 

Electric Intensity. — Before concluding this account of electro- 
meters,' it will be useful to refer to the kind of information which 
they supply. From their mode of action, it is plain that they indi- 
cate the degree of electric excitement, the remoteness from the un- 
excited state, a condition expressed by the terms tension and intern- 
sity. If two insulated brass disks of equal size be supplied with 
equal quantities of free electricity, they will affect an electrometer 
equally, and therefore their intensity or tension is equal ; but if 
one of the disks be larger than the other, the smaller will have the 
highest tension. In fact, one square inch of the smaller disk will 
possess more free electricity than the larger, and that is precisely 
the condition which constitutes differences of intensity. Of any 
number of electrified substances, that will have the highest intensity 
which has the most free electric fluid on unity of surface. 

LAWS OF ELECTRICAL ACCUMULATION. 

- 1. The quantity of free electricity which an insulated conductor 
is capable of receiving is independent of its quantity of matter. 
Thus, two brass spheres of the same size, one solid and the other 
hollow, will take equal quantities of electricity, and possess equal 
intensities. The cause of this is referable to the second law. 

2. The free electricity of an insulated conductor is always accu- 
mulated on its surface, where it forms a layer or stratum enveloping 
the substance on every side, and therefore possessed of the same 
figure. Thus, an excited sphere, the surface of which is exactly 
fitted with two thin metallic hemispheres, loses the whole charge, 
when, by means of glass handles, the hemispheres are suddenly re- 
moved. The cause of free electricity being disposed upon the sur- 
&ce of conductors is ascribed to the mutual repulsion of its parti- 
cles, which gives them a tendency to recede as far as possible from 
each other, and to be arrested at the surface solely by some coun- 
teracting force, such as the interposition of an imperfect conductor. 

8. The mode in which electricity is distributed over the surface 
of a conductor is dependant on its figure. On a sphere it forms an 
wiiform stratum of equal thickness all around, that is, each part of 
the sur&ce has the same quantity of electricity as any other part of 
equal size. But on an ellipsoid the stratum is thickest at the ex- 
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tremities of the longer axis, and the accumulation at those parts is 
greater and greater as the length of that axis becomes more and 
more predominant. In all conductors which are much longer than 
broad, as in a narrow metallic bar, as also in those which have elon- 
gated pointed terminations, the principal accumulation is at the 
ends and projecting points. The inequality of distribution is just 
as conspicuous in a negatively as in a positively excited conductor. 
Coulomb proved these facts experimentally by touching the dif- 
ferent parts of electrified conductors by a proof-plane^ which is a 
very small disk of gilt paper insulated by a handle of lac resin, and 
estimating the tension of the proof-plane by his torsion electrome- 
ter : he found that this plane always took from the spot touched a 
constant proportion of the electricity accumulated at that spot, and 
therefore the relative intensities of the plane, after contact with 
different parts of an electrified conductor, exactly represented the 
electric accumulation of the parts so touched. For these and other 
experiments of Coulomb on electrical actions, the reader may con- 
sult Biot's Traits de Physique, Harris, in a late essay read at 
the Royal Society, has shown sources of fallacy in this mode of in- 
vestigation, of which Coulomb does not seem to have been con- 
scious : how far they affect his principal conclusions remains to be 
decided. 

The unequal accumulation of electricity on conductors is a direct 
consequence of the law of electric repulsion ; and Poisson, assum- 
ing the truth of that law, has arrived by calculation at the very 
same conclusions which Coulomb obtained by experiment. Those 
who are prepared to follow such very high mathematical inquiries 
are referred to Poisson's original Essay, to the article on Electri- 
city by Whewell in the Encyclopedia Metropolitana, and to a late 
work on Electricity by Murphy. 

4. The electric fluid accumulated at the surfiice of conductors 
tends to escape by the repulsion of its particles. Its pressure 
against the air, or its effort to escape, at any part is considered 
proportional to the square of the quantity ; so that if the electric 
accumulations at four different parts of an excited conductor are 
as 1, ^, S, and 4, the pressure against the air at those parts will 
be as 1, 4, 9, and 16. Hence electricity passes off with great 
rapidity from the ends or projecting points of conductors, a result 
quite conformable to experience. But the equilibrium of an ex- 
cited conductor is perhaps never entirely restored by the direct 
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diffusion of its excess due to its own repulsion ; for the conductor 
necessarily tends to induce a state opposite to itself in contiguous 
conductors and in the circumambient air, and then the attraction 
of oppositely electrified sur&ces is called into play. 

5. Coulomb proved experimentally, by aid of his torsion elec- 
trometer, that the repulsion of two similarly electrified bodies 
varies inversely as the square of their distances. If the electric 
charge on one of them vary, while that on the other and the dis- 
tance are constant, the repulsion will vary simply as the quantity. 
Thus, let the free electricity on a be expressed by 4, and that 
on B by I, and the distance be always 1 inch, then if the charges 
on B vary as 1, 2, 8, 4, the repulsion will also vary as 1, 2, 8, 
4 ; for the successive additions to b merely act by augmenting in 
the same ratio the number of repulsive particles influenced by the 
constant charge on a. The repulsion in these cases may be de- 
noted by the product of the two charges. For example, when 
the charges on a and b are 4 and 1, the repulsion will be 4 x 1 
= 4 ; when they are 4 and 2, the repulsion is 4 x 2 := 8, or 
twice 4; when 4 and 8, it is 4 x 8 = 12, or three times four; 
and when 4 and 4, the repulsion is 4 x 4 = 16, or four times 
four. If in the last case the charge on b fall to 2, the repulsion 
becomes 4x2 = 8, as before ; and then should the charge on a 
be also reduced to 2, the repulsion will be 2x2 = 4. Hence 
when the whole quantity of electricity changes, the repulsion varies 
as the square of the quantity. 

6. The attraction of two oppositely electrified bodies varies 
inversely as the square of the distance between them. Coulomb, 
who verified this law by experiment, also showed that the attrac- 
tive force, the distance being constant, varies by the same law 
as that for repulsion just stated. If a and b are equally and oppo- 
sitely excited, so that we may represent the free electricity on each 
by 4, and their mutual attraction by 4 x 4 = 16, then if the quan- 
tity on B successively become 8, 2, and 1, the corresponding at- 
tractions will be 12, 8, 4 ; and should the quantity on a and oh 
B vary together, so as to be reduced on both from 4 to 2, and 
from 2 to 1, the attractions will be 16, 4, and 1. Thus, when 
the whole quantity of electricity changes, the attraction varies as 
the square of the quantity. 

Harris has given a beautiful demonstration of these laws by 
means of his balance electrometer and unit jar (pages 129, 130), 
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the cones a, i, of figure 6, being connected respectively with the 
outer and inner coatings of a large Leyden jar. On giving to 
it a constant charge by means of the unit jar, and varying the dis- 
tance, the weights raised, or the attractive force, were found to 
vary inversely as the square of the distance between the cones. On 
preserving the distance constant, giving a charge capable of raising 
one grain, and then successively doubling, trebling, and quadru- 
pling the quantity first given to the inner coating, the weights 
raised were 4, 9, and 16 grains. This strictly conforms with the 
foregoing statement ; for on doubling the charge to the inner coat- 
ing of the Leyden jar, the electricity on the cone 4, connected 
with it, is also doubled, and the double charge on h doubles the 
induced charge on a. Hence the quantity on both cones being 
doubled, the force ought to be quadrupled. 

7. It may be inferred from the law No. 6, that when, in two 
oppositely excited bodies, the whole quantity of electricity and 
the distance vary together and at the same rate, the attractive 
force will be unchanged. This has been fully proved by Harris. 
On putting 5 grains into his balance, giving a charge sufficient 
to raise that weight at a certain distance, and then successively 
doubling, trebling, and quadrupling that distance, it will be ne- 
cessary, in order to raise the 5 grains, to give a double, treble, 
and quadruple charge to the inner coating of the Leyden jar com- 
municating with cone J. In fact, doubling the electricity on both 
cones, is to quadruple the attractive force between them ; and 
doubling the distance, diminishes the force by four times : the force 
is thus diminished by one cause as much as it is increased by the 
other, and therefore continues unchanged. 

Harris has demonstrated the same law by observing the striking 
distance of a charged jar, that is, the interval through which the 
electricity will pass so as to discharge it. For this purpose the 
inner and outer coating are separately connected with a conduc- 
tor terminating in a brass ball, one of which is attached to a gra- 
duated slide, so as to be fixed at any required distance from the 
other ball. On causing the distances between the balls to vary 
in the ratio of 1, 2, 8, 4, the jar will discharge itself by the pas- 
sage of a spark, when the charge on each coating is increased in 
the same ratio. The obstacle which the electricity has to over- 
come before it can discharge the jar, is the interposed air; and 
that obstacle may be regarded as constant in experiments performed 
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at the same timey since it is found to depend on the density of 
the air. 

8. Harris ascertained the nature of the influence exerted by 
the atmosphere over the striking distance of a charged Leyden jar, 
by including the balls connected with its outer and inner coating 
-within glass vessels susceptible of exhaustion. He then found 
that the resistance to the passage of a charge varies as the square 
of the density of the air. Thus, when the density was made to 
vary in the ratio of 1, 2, 4, the charge passed through a constant 
interval when the quantity added to the inner coating varied in 
the same ratio. Now, when the charges were as 1, 2, 4, the 
attractive forces, by law No. 6, were as 1, 4, 16, which represent 
the ocmesponding obstacles caused by the air. Agreeably to the 
same law, the striking distance, when the charge is constant, varies 
inversely as the density of the air : a charge which strikes through 
one inch of air when the barometer is at 30 inches, will pass 
through two inches in air so rarefied as to support only 15 inches 
of mercury, and through four inches when the mercurial column 
is 7*6 inches. Hence in a perfect vacuum a Leyden jar ought* to 
dischaige itself through any interval ; and in the higher parts of 
the atmosphere, where the air is much rarefied, two oppositely- 
excited clouds will neutralize each other, though separated by very 
great distances. 

It is not apparent from the preceding remarks, whether the 
striking distance is influenced by change of the density or the 
elasticity of the confined air, since in rarefying air by the air- 
pump, the rarefigu;tion increases, and the elasticity decreases at the 
same rate. Harris has shown, contrary to what one might antici- 
pate, that the influential condition is density, and not elasticity. 
For on rarefying air by heat so as to preserve its original elasticity, 
the striking distance was exactly the same as in cold air rarefied to 
the same degree by the air-pump ; and in air first rarefied by the 
air-pump, and then heated until it had recovered its original elas- 
ticity, its volume and density being kept the same, the varied elas- 
ticity had no influence on the charge required to pass through a 
constant distance. From these and similar experiments Harris 
infers that the remarkable conducting power known to be possessed 
by hot air is due to its rarity alone. — Though I have not had 
occasion to repeat these experiments on hot air, I have entire con- 
fidence in their accuracy ; inasmuch as, not to mention the known 
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skill and exactness of Harris^ I find thai the striking distance for 
the same charge is greater in air than in carbonic acid gas, and 
greater in hydrogen gas than in air, the elasticities being equal. 

9. The continuance of an excited charge on an insulated con- 
ductor is commonly ascribed to the pressure of the air. An op« 
posite opinion, however, has been maintained. Morgan (Phil. 
Trans. 1785) published some experiments to prove that a space 
entirely free from air, such as a Torricellian vacuum, is a non-con- 
ductor of electricity ; and Cavallo (Treatise on Electricity) show- 
ed that exhaustion may be carried :very £ir within the bell-jar of 
an air-pump without an electrified body placed under it losing 
its charge. On repeating these experiments, at the request of 
Harris, I obtained similar results. A slip of gold leaf diverging 
at an angle of 60^, continued so for hours in air expanded 100 
times ; and in air rarefied 300 times, a feeble charge was retained 
for a whole week. The loss observed in still further states of 
exhaustion, may be ascribed to the excited body inducing an 
opposite state in the conducting materials of the air-pump, thereby 
calling into activity a force which co-operates with the repulsion 
of its own particles. The preceding phenomena appear to indi- 
cate the existence of an adhesive force between the particles of 
electricity and the surface of bodies, which causes an obstacle to 
their escape. 

10. Some elegant and most ingenious experiments have been 
made by Wheatstone to determine the velocity of electricity (Phil. 
Trans. 1834). His principal conclusions are the following : — 

1. The velocity of electricity along a copper wire exceeds that 
of light through the planetary space. 

2. The disturbance of the electric equilibrium in a wire com- 
municating at its extremities with the two coatings of a charged 
jar, travels with equal velocity from the two ends of the wire, and 
occurs latest in the middle of the circuit. 

3. The light of electricity of high tension has a 'less duration 
in passing as a spark than the millionth part of a second. 

HISTORICAL NOTICE. 

The science of electricity is of modem origin. The knowledge 
of the ancients was confined to the fiict that amber and the lyncu^ 
rium (supposed to be tourmalin) acquired the property of attract- 
ing light bodies by friction. It was not known that other bodies 
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may be aimilarly excited until the commencement of the 17th cen- 
tury, when Oilbert of Colchester detected the same property in a 
variety of other substances, and thereby laid the foundation of the 
science of electricity. A few additional facts were noticed during 
the same century by Boyle, Otto de Guericke, and Wall, and in 
1709 Hawkesbee published an account of many curious electrical 
experiments; but no material progress was made until Stephen 
Grey (Phil. Trans. 17^9 to 1733) drew the distinction between 
conducton and non-conductors of electricity, and illustrated it by 
new and striking experiments. Soon after, Dufay in France dis- 
tinguished between the two kinds of electricity; and in 1759 (Phil. 
Trans. li. 340) Symmer added the important fact that friction de- 
yelopes both kinds of electricity at the same time, an observation 
wUdi led to the theory of two electric fluids as now understood. 
These discoveries, added to the confirmation of Franklin'*s opinion 
as to the identity of the cause of lightning and electricity, fixed the 
attention of scientific men upon the new study, and soon acquired 
for it a high rank'among the sciences. 

For further details respecting its origin and early progress the 
reader may consult the history of electricity by Priestley. 

SECTION IV. 

GALVANISM. 

The science of Galvanism owes its name and origin to the ex- 
periments on animal irritability made by Galvani, Professor of 
Anatomy at Bologna, in the year 1790. In the course of the in- 
vestigation he discovered the fact, that muscular contractions are 
excited in the leg of a firog recently killed, when two metals, such 
as zinc and silver, one of which touches the crural nerve, and the 
other the muscles to which it is distributed, are brought into con- 
tact with one another. Galvani imagined that the phenomena are 
owing to electricity present in the muscles, and that the metals 
only serve the purpose of a conductor. He conceived that the 
animal electricity originates in the brain, is distributed to every 
part of the system, and resides particularly in the muscles. He 
was of opinion that the difierent parts of each muscular fibril are in 
opposite states of electrical excitement, like the two surfaces of a 
chaiged Leyden phial, and that contractions take place whenever 
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the electric equilibrium is restored. This he supposed to be effect- 
ed during life through the medium of the nerves, and to have been 
produced in his experiments by the intervention of metallic con- 
ductors. 

The views of Galvani had several opponents, one of whom, the 
celebrated Volta, Professor of Natural Philosophy at Pavia, suc- 
ceeded in pointing out their fallacy. Volta maintained that elec- 
tric excitement is due solely to the metals, and that the muscular 
contractions are occasioned by the electricity thus developed pass- 
ing along the nerves and muscles of the animal. To the experi- 
ments instituted by Volta we are indebted for the first voltaic ap- 
paratus, which has properly received the name of the voltaic pile ; 
and to the same distinguished philosopher belongs the real merit 
of laying the foundation of the science of Galvanism (Phil. Trans. 
1800). 

The identity of the agent concerned in the phenomena of galva- 
nism and of the common electrical machine, is now a matter of de- 
monstration. Voltaic and common electricity are due to the same 
force, excited by different conditions, operating in general in a dif- 
ferent manner and under different circumstances. The effects of 
the latter are caused by a comparatively small quantity of electricity 
brought into a state of insulation, in which state it exerts a high 
intensity, as evinced by its remarkable attractive and repulsive 
energies, and by its power to force a passage through obstructing 
media. In galvanism the electric agent is more intimately associat- 
ed with other substances, is developed in large quantity, but never 
attains a high tension, and produces its peculiar effects while flow- 
ing along conductors in a continuous current. 

VOLTAIC ARRANGEMENTS OR CIRCLES. 

Arrangements for exciting galvanism are divided into simple and 
compound; the former being voltaic circles in their most elementary 
form, and the latter a collection of simple circles acting together : 
it will hence be proper to commence the description of them with 
the most simple. 

Simple Voltaic Circles, — When a plate of zinc and a plate of 
copper are placed in a vessel of water, and the two metals are made 
to touch each other, either directly or by the intervention of a 
metallic wire, galvanism is excited. The action is, indeed, very 
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feeble, and not to be detected by ordinary methods ; but if a little 
sulphuric acid be added to the water, numerous globules of hydrogen 
gas will be evolved at the surfiu;e of the copper. This phenomenon 
continues uninterruptedly while metallic contact between the plates 
continues, in which state the circuit is said to be closed; but it 
ceases when the circuit is broken, that is, when metallic contact is 
inteirupted. The hydrogen gas which arises from the copper plate 
results from water decomposed by the electric current, and its ceas- 
ing to appear indicates the moment when the current ceases. In 
this case the voltaic circle consists of zinc, copper, and interposed 
dilate add ; and the circle gives rise to a current only when the 
two metals are in contact. This arrangement is shown in figure 1, 
where metallic contact is readily made or Fig. i. 

broken by means of copper wires soldered to 
the plates. By employing a galvanometer 
(p. 168), it is found that a current of + electri- 
city continually circulates in the closed circuit 
from the zinc through the liquid to the copper, 
and from the copper along the conducting 
wires to the zinc, as indicated by the arrows in the figure. A cur- 
rent of — electricity, agreeably to the theory of two electric fluids, 
ought to traverse the apparatus in a direction precisely reversed ; 
but for the sake of simplicity I shall hereafter indicate the course 
of the + current only. 

It matters not, so fer as voltaic action is concerned, at what part 
the plates of fig. 1 touch each other. A current takes place, whe- 
ther contact between the plates is made below where covered with 
liquid, above where uncovered, or along the whole length of the 
plates, provided both plates are immersed in the same vessel of 
dilute acid. Immersion of one plate only in the acid solution, 
however contact between the plates may be made, does not excite 
voltaic action ; nor does it suffice to have one plate in one vessel, 
and the other plate in another vessel. A plate of zinc soldered to 




one of copper, and plunged into dilute acid, gives 
a current passing from the zinc through the fluid 
round to the copper ; but if the soldered plates 
are cemented into a box with a wooden bottom 
and metallic sides, so as to form two separate 
cells, as shown in a vertical section by figure 2, 
then the introduction of dilute acid to the cells 
will not excite a current, unless the fluid of the 
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cells be made to communicate by means of moistened fibres of 
twine, cotton, or some porous matter, or, as in the figure, by wires, 
a 5, soldered to the metallic sides which contain the dilute acid, or 
(lipping into the acid itself. Then the positive current circulates 
in the direction shown by the arrows. 

Instead of a pair of plates being soldered toge- Fig. 3. 

tber, they may be connected by a wire, and plunged 
into separate cells, a e, b e, figure 3, in which d e 
acts as a partition, provided the + current issuing 
from the zinc plate, s, is conveyed by a wire, /"g A i, 
or some conducting medium, into the cell, b e, in 
which the copper plate, c, is immersed. 

A simple voltaic circle may be formed of one metal and two 
liquids, provided the liquids are such that a stronger chemical 
action is induced on one side than on the other. Thus, on cementing 
a plate of zinc, s, into a box, figure 4, and putting a rig. « 
solution of salt into the cell, b b', and dilute nitric 
acid into the cell, a a', a + current will be excited 
in the direction of the arrows, provided the circuit be 
completed by a wire, a b, attached to the metallic 
aides of the box, or dip into the liquid of the cells. 
Nay, the same acid solution may occupy both cells, 
provided some condition be introduced which shall cause one side 
of the zinc to be more rapidly dissolved than the other ; aa by tlie 
plate being rough on one side and polished on the other, or by the 
acid of one cell differing from that of the other either in strength 
or temperature. So general is this principle, that a single lamina 
of copper immersed in a tube of dilute acid will give rise to a cur- 
rent, provided the acid at one end of the tube is stronger than that 
at the other : the copper being unequally acted on at its different 
parts, the result is the same as when two different hquids are used. 

An interesting kind of simple voltaic circle is afforded by com- 
mercial zinc. This metal, as sold in the shops, contains traces of 
tin and lead, with rather more than one per cent, of iron, which is 
mechanically diffused through its substance : on immersion in di- 
lute sulphuric acid, these small particles of iron and the adjacent 
zinc form numerous voltaic circles, transmitting their currents through 
the acid which moistens them, and disengaging a large quantity of 
hydrogen gas. Pure distilled zinc is very slowly acted on by dilute 
sulphuric acid of sp. gr. ranging from 1-068 to 1-215 ; but if fused 
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iritli about 2 per cent, or nther less, of iron filings, it is as readilr 
dissolved as commeRial zinc. In like manner, pure iron or steel is 
less readily acted on bj dilute sulphuric acid than the same sub- 
stances after fusion with small quantities of platinum or silver. 
Sturgeon has ranarked that conmiercial zinc, with its surface amal- 
gamated, which may be done bv dipping a zinc plate into nitric 
acid diluted with two or three parts of water, and then rubbing it 
with mercury, resists the action of dilute acid fully as well as the 
purest anc. This &ct, of which Faraday in his late researches 
has made excellent use, appears due to the mercury bringing the 
surfiioe of the zinc to a state of perfect uniformity, prerenting those 
difierences between one spot and another, which are essential to the 
production of minute currents ; one part has the same tendency to 
combine with electricity as another, and cannot act as a dischaiger 
to it (Faraday). 

While the current formed by the contact of two metals gives 
increased effect to the affinity of one of them for some element of 
the solution, the ability of the other metal to undergo the same 
change is proportionally diminished* Thus, when plates of zinc 
and copper touch each other in dilute acid, the zinc oxidizes more, 
and the copper less, rapidly than without contact. This principle 
was beautifully exemplified by the attempt of Davy to preserve 
the copper sheathing of ships. A sheet of copper immersed in sea- 
water, or a solution of chloride of sodium, in an open vessel, under- 
goes rapid corrosion ; and a green powder commonly termed submu- 
riate of copper, but which is really an oxy-chloride, is generated : 
atmospheric oxygen dissolved in sea-water unites both with copper 
and sodium, the latter yields its chlorine to another portion of 
copper, and the oxide and chloride of copper unite. But if the 
copper be in contact with zinc or some metal more electro-positive 
than itself, the zinc undergoes the same change as the copper did, 
and the latter is preserved. Davy found that the quantity of zinc 
required thus to form an efficient voltaic circle with copper was 
very small. A piece of zinc as large as a pea, or the head of a 
small round nail, was found fully adequate to preserve 40 or 50 
square inches of copper ; and this wherever it was placed, whether 
at the top, bottom, or middle of the sheet of copper, or under what- 
ever form it was used. And when the connexion between different 
pieces of copper was completed by wires, or thin filaments of the 
40th or 50th of an inch in diameter, the effect was the same ; 
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every side, every surface, every particle of the copper remained 
bright, whilst the iron or the zinc was slowly corroded. Sheets of 
copper defended by l-40th to 1-1 000th part of their surface of 
zinc, malleable and cast iron, were exposed during many weeks to 
the flow of the tide in Portsmouth harbour, and their weight 
ascertained before and after the experiment. When the metallic 
protector was from l-40th to l-150th, there was no corrosion nor 
decay of the copper ; with smaller quantities, such as l-200th to 
l-460th, the copper underwent a loss of weight which was greater 
in proportion as the protector was smaller ; and as a proof of the 
universality of the principle, it was found that even 1-lOOOth part 
of cast iron saved a certain proportion of the copper (Phil. Trans. 
1824). 

Unhappily for the application of this principle in practice, it 
is found that unless a certain degree of corrosion takes place in 
the copper, its surface becomes foul from the adhesion of sea- 
weeds and shell-fish. The oxy-chloride of copper, formed when 
the sheathing is unprotected, is probably injurious to these plants 
and animals, and thus preserves the copper free from foreign 
bodies. 

Simple voltaic circles may be formed of very various materials ; 
but the combinations usually employed consist either of two per- 
fect and one imperfect conductor of electricity, or of one perfect 
and two imperfect conductors. The substances included under the 
title of perfect conductors are metals and charcoal, and the im* 
perfect conductors are water and aqueous solutions. It is essential 
to the operation of the first kind of circle, that the imperfect con- 
ductor act chemically on one of the metals ; and in case of its 
attacking both, the action must be greater on one metal than on 
the other. It is also found generally, if not universally, that the 
metal most oxidized is positive with respect to the other, or bears 
to it the same relation as zinc to copper in figures 1, 2, and 3. 
Davy, in his Bakerian lecture for 1826 (Phil. Trans.), gave the 
following list of the first kind of arrangements, the imperfect con- 
ductor being either the common acids, alkaline solutions, or solu- 
tion of metallic sulphurets, such as sulphuret of potassium. The 
metal first mentioned is positive to those standing after it in the 
series. 

With common acid$, — Potassium and its amalgams, barium and 
its amalgams, amalgam of zinc, zinc, cadmium, tin, iron, bismuth. 
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antimony, lead, copper, silver, palladium, tellurium, gold, charcoal, 
platinum, iridium, rhodium. 

With alkaline solutions. — The alkaligenous metals and their 
amalgams, zinc, tin, lead, copper, iron, silver, palladium, gold, and 
platinum. 

With solutions of metallic sulphurets. — Zinc, tin, copper, iron, 
bismuth, silver, platinum, palladium, gold, charcoal. 

Faraday has shown that the presence of water is not essential. 
A battery may be composed of other liquid compounds, such as 
a fused metallic chloride, iodide, or fluoride, provided it is decom- 
posable by galvanism, and acts chemically on one metal of the 
circle more powerfully than on the other. 

The following table of voltaic circles of the second kind is from 
DaVy'^s Elements of Chemical Philosophy : — 



Solation of Sulphuret of Potassium 


Copper 


Nitric Acid 


Potassa 


Silver 


Sulphuric Acid 
Ilydrochloric Acid 


Soda 


Lead 




Tin 


Any solutions con- 




Zinc 


taining Acid. 




Other Metals 






Charcoal 





The most energetic of these combinations is that in which the 
metal is chemically attacked on one side by sulphuret of potas- 
sium, and on the other by an acid. The experiment may be made 
by pouring dilute nitric acid into a cup of copper or silver, which 
stands in another vessel containing sulphuret of potassium. The 
following arrangements may also be employed : — Let two pieces 
of thick fllannel be moistened, one with dilute acid and the other 
with the sulphuret, and then placed on opposite sides of a plate of 
copper, completing the circuit by touching each piece of flannel 
with a conducting wire : or, take two discs of copper, each with 
its appropriate wire, immerse one disc into a glass filled with dilute 
acid, and the other into a separate glass with alkaline solution, and 
connect the two vessels by a few threads of amianthus or cotton 
moistened with a solution of salt. A similar combination may be 
disposed in this order : — Let one disc of copper be placed on a 
piece of glass or dry wood ; on its upper surface lay in succession 
three pieces of flannel, the first moistened with dilute acid, the 
second with solution of salt, and the third with sulphuret of potas- 
sium, and then cover the last with the other disc of copper. 
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Metallic bodies are not essential to the production of galvanic 
phenomena. Combinations have been made with Ujeis of char- 
coal and plumbago, of slices of muscle and biain, and beeiHx>ot and 
wood ; but the force of these circles, though accumulated by .the 
union of numerous pairs, is extremely feeble, and they aire very 
rarely employed in practice. 

Of the simple voltaic circles above described, the only (xnt used 
for 0]*dinary purposes is that composed of a pair of zinc and eopper 
plates excited by an acid solution arranged as in figure L. The 
form and size of the apparatus are exceedingly various. Instead 
of actually immersing the plates in the solution, a piece qf moist- 
ened cloth may be placed between them. Sometimes iha copper 
plate is made into a cup for containing the liquid, and the zinc 
is fixed between its two sides, as shown by the accompanying. tnns- 
verse vertical section, figure 5 ; care being taken ^HS^ ^* 

to avoid actual contact between the plates, by 
interposing pieces of wood, cork, or other imper- 
fect conductor of electricity. Another contriv- 
ance, which is much more convenient, because the 
zinc may be removed at will and have its surface 
cleaned, is that represented by the annexed woodcut (fig. 6). C 
is a cup made with two cylinders of sheet copper, of unequal size, 
placed one within the other, and 
soldered together at bottom, so as 
to leave an intermediate space a a 
a, for containing the zinc cylinder 
z and the acid solution. The small 
eopper cups b b are useful append- 
ages ; for by filling them with 
mercury, and inserting the ends of 
a wire, the voltaic circuit may be closed or broken with ease and 
expedition. This apparatus is very serviceable in experiments on 
electro-magnetism. 

Another kind of circle may be formed by coiling a sheet of zinc 
and copper round each other, so that each surface of the zinc may be 
opposed to one of copper, and separated from it by a small interval. 
The London Institution possesses a very large apparatus of this sort, 
made under the direction of Pepys, each plate of which is 60 feet 
long and two wide. The plates are prevented from coming into 
actual contact by interposed ropes of horsehair ; and the coil, when 
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* used, is liftwl by ropes and puHcys, and let down into n tube con- 
■ 'tnining dilute acid. The contrivance of opposing one laige con- 
' nected surface of zinc to a similar surface of copper originated with 
" Hare of PliiJadelphia, who, from its surprising power of igniting 

* Hietals, gave it the name of calarimotor. 

An excellent arrangement has been described 

' by Danicll, of which fig. 7 represents a modi- 
fication more simple and perhaps equally effect- 
ive. Itconsiats ofo cylinder of copper, a icrfey, 

'S inches wide from a to b, 1^ inches from c 
to d, and 4 inches from e toy, the correspond- 
ing heights being half an inch, 5 inches, and 

' % inehes ; I m n o, is a collar of copper, 

-which by the anns r r^s s, rests on the top of 
the cylinder, and to which a membranous tube 
formed of the gullet of an ox is tied, the 
membrane being longer than the copper cylinder so as to be baggy 
below and nearly fill the space tf; u p q, is a rod of amalgamated 
zinc resting on the collar I m n o, by means of a piece of wood r s, 
which perforates it ; u, I, arc cups to hold mercury for making 
tontact. Between the membrane and copper cylinder is poured a 
saturated solution of blue vitriol, and within the membmne dilute 
sulphuric Qcid of about sp. gr. I'136, which is made with I mea- 
sure of strong acid and 8 of water. The exciting acid is thus in 
coiitact with the zinc, but not with the copper. When this circle 
is in action, the electric current passes from the line through the 
acid, membrane, and solution of blue vitriol to the copper. The 
arrangement is founded on two important principles, established by 
Daniell : — 

1. However active a circle, as made heretofore, may be when 
irst excited, its energy is known rapidly to diminish, and in a few 
.minutes to fall much below its original power, Daniell has traced 
the cause to reduction of oxide of zinc by nascent hydrogen at the 
purface of the copper plate, whereby this metal becomes coated 
rith zinc, and is thus more or less converted at its surface into 
a zinc plate ; and as two zinc plates under like conditions do not 
produce a current, of course the action declines. In the new circle 
this defect is avoided by the membranous septum which protects 
tlie copper plate from contact with the solution of nine : the naa- 
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deposited on Uie copper plate, tlius constantly presenting a clean 
good conducting sur&ce ; while tlie hydrogen itaeli", not escaping 
as gas, no longer opposes an obstacle, as it does when allowed to 
assume the gaseous form, to the passage of electricity from the so- 
lution to the copper plate. To supply the loss of oxide of cop- 
per, a copper disc, a, v, x, b, studded with holes like a cullender, 
is supplied, on which rest crystals of blue vitriol, whereby the 
solution is kept saturated and its conducting power preserved. 
When the acid within the membrane is exhausted, the membrane 
itself is removed, and fresh acid supplied ; but to prevent the ne- 
cessity of frequent renewal, the lower part of the membrane is 
made to act as a reservoir of acid, 

3. The line of a pair of plates may be much reduced in size 
without any loss of power : strong chemical action on a small 
aurface of zinc, a good conducting solution, and a bright large 
surfiice of copper, are conditions by which a powerful action is 
ensured. This is indicated by Davy's protectors for copper 
sheathing (page 141) ; but it was not previously known that the 
principle was applicable to the construction of voltaic apparatus. 
The great merit of this circle is its constancy : by keeping up the 
supply of blue vitriol and acid, its energy will continue invariable 
for hours, or for an indefinite period. A similar appamtua has 
been described by Mullins (Phil. Mag. & An. ix. 122). 

Compound voltaic circles. — This expression is applied to voltaic 
arrangements w]iich consist of a series of simple circles. The 
first combinations of the kind were described by Volta, and arc 
now well known under the names of voltaic pile and crown of cups. 
The voltaic pile is made by placing pairs of zinc and copper, or 
zinc and silver plates, one above the other, as in figure Fig. B. 
8, each pair being separated from those adjoining by 
pieces of cloth, rather smaller than the plates, and 
moistened with a saturated solution of salt. The re- 
lative position of the metals in each pair must be the 
same in the whole series ; that is, if the zinc be placed 
below the copper in the first pair, the same order 
should be observed in all the others. Without such 
precaution the apparatus would give rise to opposite 
currents, which would neutralize each other more or less according 
to their relative forces. The pile, which may consist of any conve- 
nient number of combinations, should be contained in a frame 
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formed of glass pillars fixed into a piece of thick dry wood, by wbicli 
it 18 both supported and insulated. Any number of these piles 
may be made to act in concert by establishing metallic communi- 
cation between the -f extremity of each pile and the — extremity 
of the pile immediately following. 

The voltaic pile is now rarely employed, because we possess 
other modes of forming galvanic combinations which are far more 
powerful and convenient. The galvanic battery proposed by 
Oraickshank consists of a trough of baked wood, about 30 inches 
long, in which are placed at equal distances 50 pairs of zinc and 
copper plates previously soldered together, and so arranged that 
the same metal shall always be on the same side. Each pair is 
fixed in a groove cut in the sides and bottom of the box, the 
points of junction being made water-tight by cement. The appa- 
latos thus constructed is always ready for 
wre^ and is brought into action by filling the 
celb left between the pairs of plates with 
some convenient solution, which serves the 
^^tme purpose as the moistened cloth in the 
pile of Volta. By means of the accompany- 
ing wObdcut the mode in which the plates 
are axranged will easily be understood. 12 3 4 1 

Other modes of combination are now in use, which facilitate the 
iettiployment of the voltaic apparatus and increase its eneigy. 
Most of these may be regarded as modifications of the crown of 
eups. In this apparatus the exciting solution is contained in sepa* 
rate cups or glasses, disposed circularly or in a line ; each glass 
contains a pair of plates ; and each zinc plate is attached to the 
copper. of the next pair by a metallic wire, 
as represented in figure 10. Instead of 
glasses, it is more convenient in practice to 
employ a trough of baked wood or glazed 
earthenware, divided into separate cells by 
partitions of the same material ; and in 
order that the plates may be immersed into 
and taken out of the liquid conveniently and at the same moment, 
they are all attached to a bar of dry wood, the necessary con- 
nexion between the zinc of one cell and the copper of the ad- 
joining one being accomplished, as in figure 11, by a slip or wire of 
copper. 

L 2 




Fig. 10. 
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A materiftl improvement in tlie foregoing 
apparatus was suggested bj WoUaston (Cliil- 
dren's Essay in Phil. Trans. 1815), who re- 
com mended that each cell should contain one 
zinc and two copper plates, so that both 
Burfaces of the former metal might be op- 
posed to one of the latter. The plates com- 
municate with each other, and the linc be- 
tween them with the copper of the adjoining ■* 
cell. An increase of one-half the power is said to be obtained 
by this method. 

A variation of this contrivance was suggested by Hart of Glas- 
gow, who proposed to have the double copper plates of the pre- 
ceding battery mode with sides and bottoms, so that, as in figure 5, 
they may contain the exciting liquid. The plates are attached, as 
in figure 11, to a bar of wood, and supported above the ground by 
vertical columns of the same material, by which they are insnlated. 
The cells arc filled by dipping the whole battery into a trongh 
of the same form, full of the exciting liquid. (Brewster's Jour- 
nal, iv. 19.) 

The size and number of the plates may be varied at pleasure. 
The largest battery eycr made is that by Children, above referred 
to, the plates of which were six feet long, and two feet eight inches 
broad. The common and most convenient size for the plates is 
four or six inches square ; and when great power is required, a 
number of different batteries are united by establishing metallic 
communication between the + extremity or pole of one battery 
and the — pole of the adjoining one. A very effective battery 
was described by Hare under the name of the tteflagrator, which 
consisted of 80 zinc plates, 9 inches by 6 in size, and 80 cop- 
per plates, 14 inches by 6, coiled together, and so connected that 
the whole could be immersed into the exciting liquid, or removed 
from it, at the same instant (An. of Phil. xvii. 329). The great 
battery of the Royal Institution, with which Davy made his cele- 
brated discovery of the compound nature of the alkalies, was com- 
posed of SOOO pairs of plates, each plate having S2 square inches 
of surface. It is now recognized, however, that such large com- 
pound batteries are by no means necessary. Increasing the num- 
ber of plates beyond a very moderate limit gives for most purposes 
no proportionate increase of power ; so that a battery of 50 or 100 
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pair of plated, thrown into vigorous action, will be just as effective 
as one of &r greater extent. 

A very eflSective battery, which, I apprehend, from its constancy 
of action, convenience, cheapness, and power will supersede all 
others, is made with DanielFs simple circles (page 145). Twenty 
of these, ananged on a wooden tray in two rows, has an energy 
sufficdent for the performance of most experiments of demonstra- 
tion «r research. 

rThe electrical condition of compound voltaic arrangements is 
similar to that of the simple circle. In the broken circuit no elec- 
tric current can be traced ; but in the closed circuit, that is, when 
the wires from the opposite ends of the battery are in contact, the 
galvanometer indicates a positive electric current through the bat- 
tery itself and along the wires, as shown by the arrows in figures 9 
and 10. The direction of the current appears at first view to be 
different from that of the simple circle ; since in the latter the + 
electric current flows from the zinc through the liquid to the cop- 
per, while in the compound circle its direction is from the extreme 
copper through the battery to the extreme zinc plate. This appa- 
rent difference arises from the compound circle being usually termi- 
nated by two superfluous plates. The extreme copper and ex- 
treme zinc plate of figure 8 are not in contact with the exciting 
fluid, and therefore contribute nothing to the galvanic action : re- 
moving these superfluous plates, which are solely conductors, there 
will remain four simple circles, namely, the 3 pair of soldered 
plates marked 2, 3, 4, which act as in figure 2, and the then ex- 
treme plates, 1, 1 , which are related to each other as the plates 
in fig. 1. When thus arranged, the direction of the current will 
be Been to correspond with that of the simple circle. 

During the action of a simple circle, as of zinc and copper, 
excited by dilute sulphuric acid, all the hydrogen developed in 
the voltaic process is evolved at the surface of the copper. This 
fact is not apparent when common zinc plates are used, owing to 
the numerous currents which form on the surface of the zinc (page 
141) ; but when a plate of amalgamated zinc and another of platinum 
are introduced into dilute sulphuric acid of sp. gr. 1*068, no gas 
whatever appears until contact between the plates is made, and 
then hydrogen gas rises solely from the platinum, while zinc is 
tranquilly dissolved. On weighing the amalgamated plate before 
and after the action has continued for half an hour or an hour, and 
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collecting the hydrogen gas evolved during that interval, the 
weight of the hydrogen set free and of zinc dissolved will be as 1 
to 3S'8, being the rtitio of their chemical equivalents. Faraday, 
who has proved this, has also shown that in a compound voltaic 
circle, say of 10 amalgamated zinc plates and 10 of platinum, each 
of the former during a given period of action loses exactly the 
same weight, and from each of the latter an equivalent quantity of 
hydrogen gas is evolved. This separation of one ingredient of 
the exciting solution at one plate, while the element previously 
combined with it unites with the other plate, seems essential to 
voltaic action. It is in some way connected with the passage of 
the current across the exciting liquid. Oxygen in a free state 
may by oxidizing zinc cause electric excitement ; but the voltaic 
current is not established unless the oxygen formed part of a pre- 
vious liquid compound in contact or communication with both the 
plates. 

Among the different kinds of voltaic apparatus is usually placedl 
the electric column of De Luc, which is formed of successive pairs 
of silver and zinc, or silver and Dutch-metal leaf, separated by 
pieces of paper, arranged as in a voltaic pile. It is remarkable for its. 
power of exhibiting attractions and repulsions like common electri-. 
city, but cannot produce chemical decomposition or any of the 
effects most characteristic of a voltaic current, and is rather an 
electrical than a voltaic instrument. It is quoted as a picoof of 
electric developement by contact, since it will continue in action 
fbr years without being cleaned or taken to pieces. True it is that 
th^ more oxidable metal of the column is slowly corroded, and that 
no electricity is excited when the paper is quite or nearly free from 
hygrometric moisture, the presence of which is necessary to the 
oxidation of the zinc and copper; but at the same time the 
quantity of electricity excited seems so disproportioned to the 
corrosion, that the one can scarcely be assigned as the cause of 
the other. 

LAWS OF THE ACTION OF VOLTAIC CIRCLES. 

Electricians distinguish between quantity and intensity in galvar 
nism, as in ordinary electricity (page 131) ; and by most per- 
sons, as also in this work, the same meaning is attached to 
them. The electric intensity of a voltaic circle is most correctly 
estimated by the divergence which in the broken circuit it causes 
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in a gold leaf or other electrometer ; and as the intensity is never 
considerable, it is often necessary to employ a condenser. The 
ezpenm^t is best made by causing a i^ire attached to one ex- 
tremity of the circle to touch the condenser, while a wire from its 
opposite end communicates with the ground. The charges accu- 
molated on the extreme plates of a voltaic circle cannot acquire 
a high tension, because the liquid which separates them is a good 
conductor for all changes except such as are of very feeble inten- 
sity. Were the opposite ends of a battery to be thrown by any 
n^eans into opposite electric states, they would retain such charges 
only as had not intensity enough to force their way across the 
liquid within its cells. This discharge happens more or less rea- 
dily, according as the liquid is a better or worse conductor, or its 
stratum thinner or thicker. Accordingly, a simple circle has ne- 
ceaaarily a very feeble tension : if the plates are far asunder, and 
water or a similar feeble conductor occupy the interval, the quantity 
<^ electricity evolved is too small to give any other than a feeble 
charge ; and if the plates are near together, and excited by an acid 
solution, the electricity, when once arrived at the opposite plates, 
finds a ready diischaige through the solution. The circle which 
gives the highest tension is one which excites electricity sufficient 
for duly charging the apparatus, while it opposes ^n obstacle to 
spontaneous discharge. A battery of numerous small plates ex- 
cited by water, or a weak saline or acid solution, fulfils these con- 
ditions. The electric current in a closed circuit is said to have 
a greater or smaller intensity, according to the intensity possessed 
by the apparatus, when the circuit is broken : the higher its in- 
tensity, the more readily will its current force its way through im- 
perfect conductors. 

The quantity of electricity circulating in a voltaic battery is 
exactly the same in all its parts,— along the conducting wires, 
through any liquid or other conductor with which those wires 
communicate, and through each of its cells. It is found to be 
exactly proportional to the magnetic and chemical effects which 
it is capable of producing ; and hence the quantity of electricity 
moving through any closed circuit is readily estimated either by 
the deflection which it causes on a magnetic needle, or by its 
power of chemical decomposition. The quantity of electricity 
which a circle can set in motion in a given time, depends on the 
amount and nature of chemical action going on upon its plates. 
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When quantity of electricity is alome desired^ a single pair- of 
plates is just as useful as a compound circle; 

The following numerical results were obtained by Ritcbieby 
laeans of a magnetic galvanometer :— •-'• >■ ' 

1. The power of a single pair of plates in deflecting the magne*' 
tic needle is directly proportional to the sur&oe of the plates which 
is covered with dilute acid ; that is, if a given deAecti<m is caused 
by covering one square inch of each plate with liquid, the deflec- 
tion will be doubled when two square inches are immersed. 

2. A plate of zinc introduced into a rectangular cup of copper, 
as in figure 5, page 144, deflects the needle twice as Bmch as 
when one side of the zinc and the adjacent sur&ce of copp^ are 
protected by a coating of cement from the action of the acid 
solution. — The varying conditions of the experiments were cal- 
culated to affect the quantity of electricity set in motion without 
changing the intensity; and therefore the results, proving the 
deflection to depend on quantity and not on tension, entirely con- 
form to general experience. 

3* The deflection produced by a pair of plates, in an acid soln* 
tion of uniform strength, varies inversely as the square root of the 
distance between them, — a law previously estabHshed by Gam- 
ming. Thus, if a plate of zinc be placed successively at 1, 4, 
and 9 inches from a plate of copper, the deflecting poweiis will 
be in the ratio of 8, 2, and 1 ; that is, only twice as great at one 
inch as at four, and only three times as great at one inch as at 
nine inches. 

• 4. The same law, as previously deduced by Gumming and 
Barlow, applies to variations in the length of the wire by which 
the zinc and copper plates are connected. If, all other circum- 
jst^nces being uniform, the conducting wire varied fr(Mn 4 feet to 
lifoot in length, the deflecting power will vary in the ratio of 1 
to 2. Ritchie informs me that with short metallic wires the de- 
flection varies inversely as the square root of the length of the 
w}ioIe circuit, that is, of the solid and liquid conductors taken 
together. The wire in these experiments must be single, and 
hQi poiled as in the multiplier of Schweigger : large wires should 
b^ used capable of freely conveying all the electricity which is 
develpped. 

Ritchie has also shown, agreeably to general observation, that 
the deflecting power of a compound ckcle is not increased by in- 
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creasing the nniBib^ of its plates. A single pair of plates witb 
a good conducting liquid witliin the cell, and supplied with laige 
conducting wires capable of carrying off the whole quantity of 
electricity set in motion, deflects the needle nearly or quite as 
much as ft battery composed of several pairs of plates of the same 
fiixe. This is another proof that the direct inflilence of a number 
of plates is to increase the intensity and not the quantity of elec- 
tricity ; for the prevailing opinion that the magnetic needle takes 
no cognizance of intensity is fully borne out by the experiments of 
Fsraday. 

Though the quantity of a compound decomposed by a battery 
is proportional to the actual quantity of electricity which passes^ 
yet) as a compound exposed to voltaic action is almost always an 
imperfect conductor, the quantity of electricity capable of pass- 
ing through it varies with its intensity. Hence chemical decom- 
position depends on quantity and intensity together, and affords 
a criterion of the increased tension of a compound circle due to 
an increase in the number of its plates. The quantity of hydro- 
gen gas evolved from water by a battery in a given time, does 
not vary in the simple ratio of the number of the plates ; that is, 
the gas is not doubled when the number of plates is doubled : the 
e€fect increases at a slower rate. Ritchie considers the ratio to 
be as the square root of the number of plates ; so that when the 
number varies as 1 to 4, the gas evolved is as 1 to 2. 

EFFECTS OP GALVANISM. 

The eflfects producible by voltaic combinations are conveniently 
divisiUe into the electrical, magnetic, and chemical phenomena. 

I. Electrical Effects, ^^These are so called, as being analogous 
to the effects of ordinary electricity. An active broken circuit 
produces the phenomena of electric repulsion, as already stated 
(page 149). A Leyden phial may also be charged by contact 
of its inner coating with one wire of the circle, while the outer 
communicates either with the other wire or with the ground : a 
full charge, though of feeble intensity, is almost instantly given. 
On approximating the wires of an active circle, a brilliant spark 
passes between them just before contact, as well as in the act of 
breaking contact. When the electric current is made to pass 
thax>iigh the body of an animal, as on holding the conducting wires 
in^ the hands, previously moistened to facilitate conduction, a dis- 
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tinct shock is felt, which is powerful when a battery of high ten- 
sion is employed. On sending the current through fine metallic 
wires or slender pieces of plumbago or compact diaicoal, tibcse 
conductors become intensely heated, the wires even of the most 
refractory metals are fused, and a vivid white light appeals at 
the charcoal points equal, if not superior, in splendour to diat of 
phosphorus burning in oxygen gas; a phenomenon in no wise 
referable to combustion, as it takes place in a vacuum or under 
water. If the electric current pass through thin metallic leaves, 
the metals bum with vivid scintillations : — gold leaf emita a white 
light tinged with blue, silver a beautiful emerald green lig^t, 
copper a blueish white light with red sparks, lead a rich purple, 
and zinc a brilliant white light fringed with red. In boming 
leaves, fusing wire, and igniting charcoal, a large ,quantity of elec* 
tricity is the only requisite : the large battery of Children, though 
capable of fusing several feet of platinum wire, had an electric 
tension so feeble, that it did not affect the gold leaves of the 
electrometer, gave a shock scarcely perceptible even when the 
hands were moist, communicated no sensible chaigQ to a Leyden 
jar, and could not produce chemical decomposition. If the quan- 
tity and intensity of the current are both gr^t, an arc of light 
appears between the charcoal points after contact, even through 
an interval of an inch or more. 

The electrical effects of galvanism are so similar to those of the 
electrical machine, that it is impossible to witness and compare 
both series of phenomena without referring them to the same 
agent. The question of identity early occupied the attention of 
Wollaston, who made some very beautiful and conclusive experi-^ 
ments to prove that not only are the electrical effects of the ma- 
chine producible by galvanism, but that the chemical effects of 
galvanism may be characteristically produced by a current &om 
the electrical machine (Phil. Trans^ 1801). The subject has been 
examined anew by Faraday, who has subjected the effects of elecn 
tricity and galvanism to a minute and critical comparison: he has 
obtained ample proof of the decomposing power of an electric cur- 
rent from an electrical machine, both by repeating the experiments 
of Wollaston and devising new ones of his own. He has also 
completed the chain of evidence by deflecting a magnetic needle 
with an electric current from the machine ; an observation, indeed, 
which had been previously made by Colladon. These lesearohes 
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have led to a remai^able contrast between the quantity of electri- 
city concerned in the production of voltaic and ordinary electrical 
phenomena. Faiaday states that the quantity of electric fluid em- 
ployed in decomposing a single grain of water is equal to that of 
a very powerfdl flash of lightning ; and this statement, surprising as 
it is, is supported by such strong evidence, that it is difficult to 
withhold assent to the assertion. 

II. Magnetic Effects of Crolvanism, — The power of lightning in 
destroying and reversing the poles of a magnet, and in commu- 
nicating magnetic properties to pieces of iron which did not pre- 
vioofily possess them, was noticed at an early period of the science 
of electricity, and led to the supposition that similar effects may 
be produced by the common electrical and voltaic apparatus. At- 
tempts were accordingly made to communicate the magnetic virtue 
by means of electricity and galvanism ; but no results of import- 
ance were obtained till the winter of 1819, when Oersted of Copen- 
hagen made his femous discovery, which forms the basis of a new 
branch of science. (An. Phil. xvi. 273.) 

. The feet observed by Oersted was, that the metallic wire of 
a closed voltaic circle, — and the same is true of charcoal, saline 
fluids, and any conducting medium which forms part of a closed 
circle,— -causes a magnetic needle placed near it to deviate from 
its natural position, and assume a new one, the direction of which 
depends upon the relative position of the needle and the wire. 
On placing the wire above the magnet and parallel to it, the pole 
next the native end of the battery always moves westward ; 
and when the wire is placed under the needle, the same pole goes 
towards the east. If the wire is on the same horizontal plane with 
the needle, no declination whatever takes place ; but the magnet 
shows a disposition to move in a vertical direction, the pole next 
the negative side of the battery being depressed when the wire 
is to. the west of it, and elevated when it is placed on the east 
side* Amp^e has suggested a useful aid for recollecting the di- 
rection of these movements. Let the observer regard himself as 
the conductor, and suppose a positive electric current to pass &om 
his head towards hisieet, in a direction parallel to a magnet ; then 
its north pole in front of him will move to his right side, and its 
south pole to his left. The plane in which the magnet moves is 
always parallel to the plane in which the observer supposes him-* 
self to be placed. If the plane of his chest is horizontal, the plane 
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of the magnefs motion will be horizontal ?; bmt.if h^ lie.v<fU;eith<ar 
side of the horizontally suspended magnet, hi$ face being towards 
it, the plane of his chest will be vertical, and the. magnet will tend 
lo move in a vertical plane. . . . / 

The extent of the declination occasioned by a voltaic circle de*- 
pends npon its power, and the distance of the connecting wir&from 
the needle. If the apparatus be powerful, and the diattmce small, 
the declination will amount to an angle of 45^. Bat this devia- 
tion does not give an. exact idea of the real effect which may. be 
produced by galvanism; for the motion of the magnetic needle 
is counteracted by the magnetism of the earth. When the in- 
fluence of this power is destroyed by means of another magnet^ the 
needle will place itself directly across the connecting wire ,, so th^t 
the real tendency of a magnet is to stand at right angles to an elec* 
trie current. 

The communicating wire is also capable of attracting. and lepel- 
ling the poles of a magnet. This is easily demonstrated by per- 
mitting a horizontally suspended magnet to assume the direction of 
north and south, and placing near it the conducting wire of a dpsed 
circle, held vertically and at right angles to the needle, the -^ cur- 
vent being supposed to flow &om below upwards. When the wire 
is exactly intermediate between the magnetic poles^ no eiSect is 
observed ; on moving the wire nearly midway towards the north 
pole, that is, to the pole which points to the north, the needle 
will be attracted ; and repulsion will ensue when the wire is moved 
close to the north pole itself. Similar effects occur on advancing 
the wire towards the south pole. Such are the phenomena if the 
:+ current ascend on the west side of the needle; but they are 
reversed when the wire is placed vertically on the east side. At- 
tractions and repulsions likewise take place in a dipping needle, 
.when the current flows horizontally across it. 
^ The discovery of Oersted was no sooner announced, than the 
experiments were repeated and varied by philosophers in all parts 
'oi Europe, and, as was to be expected, new &cts were speedily 
brought to light. Among the most successful of those who early 
distinguished themselves were Ampere, Biot, and Arago, of Paris, 
and Davy and Faraday in this country. A host of other able men 
have since added their contributions ; and their joint labours have 
established an altogether new science, Electro-Dynamics^ which has 
already become one of the most important branches of physical 
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l^MwIedge, and Atill offers a rich harvest of discovery to its cultiva- 
tors. Those i^ho wish to enter deeply into the study of this sub- 
ject should consult the Recueit cT Observations Electro-Dynamtques 
by Ampere, Cumming^s Manual of Electro-Dynamics, Murphy^s 
Treatise on Electricity, and the second edition of Barlow'^s Essay 
on Magnetic Attractions. A less mathematical, and therefore 
more generally intelligible, treatise has been drawn up with great 
ability by Roget, and published as part of the Library of Useful 
Knowledge ; and a Popular Sketch of Electro-Magnetism has been 
^veii by Watkins of Charing-cross. To these works I refer as 
stipplying that detail of the facts and theories of clectro-d3mamics, 
which, as belonging more to the province of physics than cliemis- 
trf'f id unsilited to the design of this volume. My object is merely 
16 ^ve an Outline of the discoveries in electro-dynamics, and to 
convey an idea of the nature and present state of the Science. 

Thcf phenomena of electro-dynamics are solely produced by elec- 
tricity in motion. Accumulated electricity giring rise to tension, 
wl^h acts so essential a part in experiments with the electrical 
machine, has no influence whatever on a magnetic needle. The 
passage of electricity through solid or liquid conductors is essential; 
dnd it is remarkable that the more freely the current is transmitted, 
that is, the more perfect the conducting substance, the more encr* 
getic is its deflecting power. In fact, a magnetic needle is a gal- 
vdnoscope, by which means the existence and direction of an electric 
khirrent may be detected. It was early employed with this inten- 
tion by Ampere, who found that a voltaic apparatus itself acts on a 
tiiagnetic needle placed upon or near it in the same manner as the 
wire which unites its two extremities ; but as the deflection took 
place only when the opposite ends of the battery were in communi- 
cation, and ceased entirely when the circuit was broken, he in- 
ferred that electricity passes uninterruptedly through the battery 
itself when the circuit is closed, and not at all in the interrupted 
circuit. 

But a magnetic needle will not only indicate the existence and 
Erection of an electric current : it may even serve, by the degree 
of deflection, as an exact measure of its force. When used for 
this purpose, under the name of galvanometer, some peculiar 
arrangements are required in order to ensure the requisite delicacy 
and precision. Experiment proves that a magnet is equally affect- 
ed by every point of a conductor along which an electric current is 
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passing; so that a i^irfe transmitting the grfme fttirftit will a^ irith 
more or less energy, according ad the number of its parts contigu- 
ous to the needle is made to vary. On this principle id constructed 
the Galvanometer or Multiplier of Schweigg^. A copper wire is 
bent into a rectangular form consisting of several obils, and iii the 
centre of the rectangle is placed a delicately snspended needle, as 
shown in figure 17. Each coil adds its influence to that of the 
others ; and as the current, in its progress along the "virire, passes 
repeatedly above and below the needle in opposite directions, - their 
joint action is the same. In order to prevent the electricrity from 
passing laterally from one coil to another in contact with-it, the 
wire should be covered with silk. The ends Fig.*|7. \ j. ,,,.» 

of the wire, a and 6, are left free for the pur- 
pose of communication with the opposite 
ends of the voltaic circle. When a single needle is employed, as 
shown in the figure, its movements are influenced partly bj- the 
eartVs magnetism, and partly by the electric current, ' Thcf iiicBc»- 
tions are much more delicate when the needle is rendered osht^lr, 
that is^ when its directive property is destroyed by the proiiiBlity of 
another needle of equal magnetic intensity, flxed parallel to it, and 
in a reversed position^ each needle having its north pole adjaceht 
to the south pole^f the other : in this state the needles, netdxaliz-'' 
ing each other^ are unaffected by the magnetism of the eartih, wlsfile 
they are still subject to the influence of galvanism. If, a& in the 
last figure, the lower needle lie within the rectangle, and the tipper 
needle just above it, the electric current flowing between will act 
on both in the same manner. For researches of delicacy the needle 
should be suspended by a slender long thread of glass, and the de»- 
flecting force measured, not by the length of the arc traversed by 
die needle, but by the torsion required to keep the needle at a 
constant distance from the wire, as in the torsion electrometer of 
Coulomb (page 128). A very valuable instrument on this priridple 
has been described by Ritchie (Royal Inst. Journal, N. S. i. 81). 

The mutual influence of a magnetic pole and a conducting Mrire 
changes with the distance between them. Experiment shows that 
the action of a magnetic pole and a continuous conductbr, every 
point-of which exerts a separate energy on the pole, varies inversely 
as the distance. This result justifies the opinion that the force of 
a magnetic pole on a single point of a conductor varies as the 
square of the distance, the same law which regulates the distribution 
of heat and light, as well as the effects due to electricity. 
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Frwn some of the experiments of Oerated above mentioned, it 
WM at first believed that a force, one while attractive and at another 
repulsive, acted in straight lines between the magnet and conduct* 
ing vire ; but on examination ail the phenomena are found refer- 
able to a force acting tangentially upon the poles of a magnet, and 
in a plane perpendicular to the direction of the current. Place, 
foar instance, a blank card flat on the table, and fix a wire A C 
upright in its centre. If, then, a positive electric current pass up 
or down the wire, a magnetic pole resting on the card will be in- 
clined to move in the plane of the card, and therefore at right 
aiMrles to the current, and to describe a circle .. ,^ 

O . T/» 111 Xlg.lo. 

round C as its centre. If a north polo be at A 

n aad n\ and a south pole at s and /, and 
a -h current descend as shown by the arrow in 4f 
figure 18, let fall from each pole a dotted^/ ,^ 

line perpendicular to the wire at C, and each ... ^ 

dotted Une will be the radius of the circle in 
which the corresponding pole will rotate. All ^ .^ 

the north poles will move in the line of the^\ \/^ 

tangent directed to the right of the radius, and ^ ^ 

will have the same course as the hands of a watch when it is placed 
on a table with the dial plate upwards ; and the south poles will 
rotate in the opposite direction. Should the electric current be 
ascending, the rotation of each pole will bo reversed. If the cur- 
rent move horizontally, the plane of rotation will be vertical ; and 
if figure 18 bo moved into this position, the positive current still 
flowing from A to C, the arrows on the card will still indicate 
the conrse of rotation. 

The movements first observed by Oersted (page 155) arc refer* 
able to this principle. When a magnetic needle, movable round 
the middle of its axis, is acted on by a parallel current, its pole« 
receive an equal but contrary im- 
pulse, and the needle consequently 
comes to rest across the direction of 
the current. If a vertical + cur- 
rent be placed, as shown in figure 
19y at ufy on the right side of a 
horizontal needle N S, movable 
round C, the pole N will move to- 
wards it; but if the current con- 
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tinue at w while the magnet occupies the position of N' S', 
the pole N will recede from the current : thus there k the ap- 
pearance of repulsion in one case and of attraction in the other. 

If a similar current were without the circle in which a horizontal 
magnet moves, as at tr in figure 20, 
then the magnet, stationary at N S, 
would at first have its poles impelled 
in opposite directions; but when it 
reaches the position N' S', the force 
at each pole acts on the same side of 
the magnetos axis. The poles also, 
being equidistant from Wy and having 
the same inclination, will be influ- 
enced by equal forces acting at the 
same mechanical advantage. They 
will therefore, by the laws of equilibrium, have a resultant which 
will pass directly through the centre of motion. This resultant, 
represented as applied at d, will tend to Fig. 21. 

draw the wire w and the middle of the 
magnet C directly towards each other. 
If the conducting wire w were on the 
right instead of the left side of the mag-, 
net, as in figure 21, then the resultant, 
passing as before through the centre of 
motion, but in an opposite direction, 
tends to draw the magnet and wire directly from each other, and 
to give the appearance of repulsion. 

The same principle accounts for the rotation of a magnetic pole 
round a current, discovered by Faraday. Into the centre of the 
bottom of a cup, as in the vertical section, figure Fig. 22. 

22, a copper wire c d was inserted, a cylindrical 
magnet n s was attached by a thread to the 
copper wire c, and the cup was nearly filled with 
mercury, so that pole n only of the magnet pro- 
jected. A conductor a b was then fixed in the 
mercury perpendicularly over the wire c. On 
connecting the conducting wires with the opposite 
ends of a battery, a current was transmitted from 
one wire through the mercury to the other. If 
the + current descend, the north pole of the^ 





GALVANISM. 



161' 



Fig. 23. 




magnet, if uppennost, will rotate round the wire a 6, passing from 
east through the south to west like the movements in the hands of 
a watch ; and if the current ascend, the line of rotation will be 
reversed. Under similar circumstances the south pole would in 
each case rotate in the opposite direction. 

If a magnetic pole rotate round a conductor, a conductor will be 
equally disposed to rotate round a magnetic 
pole, just as a magnet moves towards iron or 
iron towards a magnet, according as one or 
other is free to move. Accordingly, on fixing 
a magnet vertically in the middle of a cup of 
mercuiy, fig. Sd, and transmitting a current by 
the 'ftiovable conductor a b through the mer- 
cury, and along a second conductor (/, fixed as 
before in the bottom of the cup, Faraday 
found that the free extremity b of the wire ^ 
moved round the pole of the magnet in a 
direction similar to the last. 

It is obvious that the direction of rotation imparted by a fixed 
current to the movable pole, will be identical with that which the 
same pole tends to impart to the same current. Thus let w in 
figure ^ represent the section of a wire along which a -f current is 
descending, and n the north pole of a magnet. If w impel n 
towards the right side, n will give an impulse to w in the opposite 
direction, as indicated by the arrows. Each is disposed to describe 
a circle round the other as a centre, moving in the Fig. 24. 
same direction as the hands of a watch with its dial 
upwards; and if w and n were equally free to move, 
they would act as a couple in statics, and tend to 
rotate round the middle of the dotted line which 
joins them. 

The advantage of the rectangular form in the construction of a 
galvanometer(pagel 58) 
will now be intelligi- 
ble. A magnetic needle 
N S, pointing north and 
south, and suspended 
by the ponit C horizon- 
tally within the rect- 
angle, figure 25, will 
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Fig. 26. 



be influenced in the same manner by each of its sides. If the + 
current flow from A horizontally above the needle from north 
to south, and then successively along the other three sides up 
to B, the separate influence of each side, agreeably to the prin- 
ciple above illustrated, will impel the north pole eastward, and the 
south to the west. The little cups A B are designed to contain 
mercury, and aflTord a ready means of connecting the rectangle with 
the opposite sides of a galvanic combination. 

If the rectangle, in the last combination, have the property of 
impelling the north pole of a magnet to its right side, the north 
pole, when placed on that side, will give an opposite impulse to the 
rectangle. This may be shown by an elegant apparatus of De la 
Rive, which consists of a circular copper wire, the extremities of 
which are passed through a cork, and soldered to a plate of zinc and 
copper. On placing the arrangement in a vessel of acidulated 
water, a positive electric current passes from the copper pkte round 
the circle to the zinc, as shown in figure 26; and as the cork 
renders the apparatus buoyant, a very slight force will throw it into 
motion. It will exhibit various pheno- 
mena of attraction and repulsion, all ex- 
plicable on the principle already explain- 
ed, according to the relative position of 
the magnetic pole which is presented. 
The apparatus will be more powerful if 
the conducting wire, covered with silk to 
prevent lateral communication, be formed into several circles of the 
same diameter, on the principle of the multiplier. 

A current of voltaic electricity not only determines the position 
of a magnet, but renders steel permanently magnetic. This was 
observed nearly at the same time by Arago and Davy, who found 
that when needles are placed at right angles to the conducting wire, 
permanent magnetism is communicated ; and Davy also succeeded 
in producing this effect even with a shock of electricity from a 
Leyden phial. Arago, at the suggestion of Ampere, made a voltaic 
conductor into the form of a helix, Fig. 27. 

into the axis of which he placed p N" 

a needle, as in figure 27. As in' 
this arrangement the current nearly 
in every part of its course is at 
right angles to the needle, and as 
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Fig. 28. 



each coil adds its effect to that of the others, the united action 
of the helix is extremely powerful. The needle was thus fully 
magnetized in an instant. 

Though soft iron does not retain magnetism, its magnetic pro- 
perties while under the influence of an electric current arc very 
surprising. A piece of soft iron about a foot long and an inch in 
diameter is bent into the form of a horse-shoe, a copper wire is 
twisted round the bar at right angles to its axis, and an armature of 
soft iron, to which a weight may be attached, is fitted to its ex- 
tremities, as in figure 28. On 
connecting the ends of the wire 
with a simple voltaic circle, even 
of raoall size, the soft iron in- 
stantly becomes a powerful mag- 
net, and will support consider- 
able weights. Increasing the 
Bumber of coils gives a great 
increase of power ; but as the ^ 
length of wire required for that 
purpose diminishes the influence 
of the current (page 152), the 
following anangement has been 
successfully adopted. The total 
•length of copper wire intended to be used is cut into several por- 
tions, each of which, covered with silk or cotton thread to prevent 
latend communication, is coiled separately on the iron. The ends 
of all the wires are then collected into two separate parcels, and are 
made to communicate with the same voltaic battery, taking care 
that the. + current shall pass along each wire in the same direction. 
The current is thus divided into a number of branches, and has only 
a short passage irom one end of the battery to the other, though it 
gives eneigy to a multitude of coils. A combination of this kind, 
connected with a battery of five feet square, supported 2063 
pounds, or nearly a ton weight. 

In witnessing the influence of voltaic conductors over the direc- 
tive property of magnets, and in inducing magnetism, it is difficult 
to divest one's self of the conviction that these conductors, while 
transmitting a current, are themselves magnetic. This belief was 
.early entertained by those who repeated the experiments of Oersted, 
.and experimental evidence of its truth was speedily adduced, 
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Arago and Davy found that a copper wire connecting tte end of a 
voltaic combination attracted iron filings, but that they instantly 
fell off as soon as the circuit was broken ; and a conductor, when 
its movements were not impeded by friction or gravity, was proved 
by Ampere to be obedient, like an ordinary magnet, to the mag- 
netic agency of the earth. Though these properties may be exhi- 
bited by a single wire, the action is more conspicuous when, on the 
principle of the multiplier, the conductor is twisted into a spiral, 
as A, figure 29, or into a rect- ^''^' ^^• 

angular form as represented by 
B in the same figure. When 
the arrangement is connected 
with a floating galvanic combina- 
tion, as in figure 25, or is very 
delicately suspended, the plane 
of the spiral places itself east 
and west, the + current ascending on the west side and descending 
on the east : the + current, in fact, takes the same course as the 
hands of a watch when it is held on edge with the plane of the dial 
lying east and west, facing the south. That side of the spiral 
which is towards the north, consistently with an experiment already 
mentioned (page 161), acts as the north pole ; and the south side 
of the spiral has an opposite polarity. Each side is powerfully 
attractive to iron filings. Another convenient form of the con- 
ductor is the helix, figure 27. Each coil of the helix is a separate 
magnet, and tends to place itself in the same position as the spiral 
or rectangle ; but the multiplied effect of all the coils causes north 
and south polarity to be accumulated at the opposite ends of the 
helix, and therefore to be separated, not by the mere thickness of 
the wire, but by the whole length of the helix. 

Since, therefore, the conductors just described may be regarded 
as magnets, such magnetized conductors ought mutually to repel or 
attract each other, when poles of the same or a different nature are 
adjacent ; and as the action of a whole spiral or rectangle is merely 
the accumulated effect of its individual parts, it is fidr to presume 
that each small portion of a conductor has its opposite sides in a 
state of opposite polarity, and that two such contiguous portions 
should attract or repel each other on the same principle as the 
spirals of which they constitute a part. Nay, even different parts 
of the same conductor ought to be mutually attractive or repulsive. 
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These inferences from the facts abeady detailed were fully demon- 
strated by Ampfere soon after the discovery of Oersted. He proved 
that two voltaic conductors, or two portions of the same conductor, 
attract each other when the currents have the same direction, and 
are mutually repulsive when they are traversed by opposite cur- 
rents ; which is exactly what would be anticipated from the mag- 
netic influence of conductors. Thus, in the two parallel positive 
currents, AB and CD, figure 80, Fig. 30. 

which flow in the same direction, the 

contiguous sides are affected with an ^ — ■> [^ B 

opposite polarity, one being south and q [^ 

the other north ; whereas in the two *^ 

contrary currents, EF and GH, the g [« 

adjacent sides have the same polarity, 
and therefore repel each other. 

Similarly when two currents cross 
each other, as AB and CD, figure 31, 
it is obvious that at two of the four 
comers, AD and CB, similar poles 
are contiguous; while at the other 
comers difibrent poles concur. Hence 
tbe wires tend to revolve round E, 
and place themselves parallel to the 
currents, so that both may flow in the same direction. 

If a moveable conductor CD be wholly on one side of AB, as in 
figure 82, repulsion will ensue on one side, and attraction on the 
other. The direction in which^these forces act is indicated by the 
dotted arrows, e b and eg; and they give a resultant, e r, which 
tends to draw CD to the right side. 
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Figure 83 shows the effect of reversing the current in CD, 
which will consequently be drawn by a force at right angles to 
itself to the left side. 
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If iii the last case the conductor ^&- ^^' 

CD were moveable round C as a 
centre, then the resultant e r would 
draw D towards F, figure 34 ; but 
if the current in either conductor 
were reversed, CD would tend to 
rotate towards G. 

These are a few examples of the numerous facts experimentally 
proved by Ampere concerning the action of voltaic conductors on 
each other. It is to this branch of the subject the term of Ekctrth; 
Dynamics, or the science of electricity in motion, is sometimes 
restricted, while the mutual action of conductors and magnets is 
called Electro-Magnetism ; but these two branches are so entirely 
parts of the same science, that I have included both under Am- 
pere's term of Electro-Dynamics. Any one who has studied the 
few preceding pages with moderate care, cannot fail to trace a close 
analogy between a helix traversed by an electric current and a mag<^ 
net. The former is aflPected by pther voltaic conductors, by the 
poles of a magnet, and by the magnetism of the earth, in the same 
manner as the latter. It was this similarity, or rather identity, of 
action which led Ampere to his theory of magnetism. H€ sup- 
poses that the polarity of every magnet is solely owing to the drcu- 
lation, within its substance and at its surface, of electric currents, 
which continually pass around all its particles in planes perpendicu- 
lar to its axis. On placing a magnet in its natural position of north 
and south, the direction of its currents is exactly the same as in the 
conductors of figure 29, descending on the east side, passing under 
the magnet from east to west, and ascending on the side next the 
west. In like manner are currents supposed to circulate within 
the earth, especially near its surface, passing from east to west in 
planes parallel to the magnetic equator. These terrestrial currents 
cause all bodies, which are freely suspended, and are possessed of 
electric currents, to place themselves in such a position that the 
current on their under side should flow in parallelism, and in the 
same direction, with that in the earth immediately beneath. That 
the existence of such currents will account for the directive property 
of the earth, follows from the mutual action of conductors ; and 
Barlow, to render the analogy still more complete, constructed a 
hollow sphere of wood in which electric currents were made to cir- 
culate in the same direction as they are thought to do in the earth ; 
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and by placing an astatic needle on different parts of its surface, he 
found that all the phenomena of terrestrial magnetism might be 
imitated. Observation has even supplied a cause for the existence 
of currents in the earth, moving in the direction which theory re- 
quires. The diurnal rotation of our planet on its axis exposes its 
surface to be heated in a direction passing from east to west ; and 
the discoveries which have been made in thermo-electricity (page 
118) sufficiently prove the probability of electric currents being esta- 
blished in the conducting matter of the earth by the successive 
heating of its parts. In short, the theory of Ampere connects the 
&cts of electro-djmamics with the phenomena of terrestrial magnet- 
ism, and affords a splendid instance of the application of mathema- 
tical analysis to physical research. 

VoUa-^ectric Induction. — The developement of electricity by 
the vicinity of an excited body, already described under the name 
of induced electricity (page 122), led Faraday to inquire whether 
electricity in motion, as well as that of tension and at rest, may not 
be excited by induction. Though baffled in his early attempts, he 
at last succeeded in laying open a new branch of electro-dynamics, 
which vies in interest and importance with the fundamental disco- 
very of Oersted (Phil. Trans. 1831). A copper wire 203 feet long 
was passed in form of a helix round a large block of wood, and an 
equal length of a similar wire was wound on the same block and in 
the same direction, so that the coils of each helix should be inter- 
posed, but without contact, between the coils of the other. The 
ends of one of the helices were connected with a galvanometer, and 
the other with a strong galvanic battery, with the view of ascer- 
taining whether the passage of an electric current through one 
helix would induce a current in the adjoining helix. It was found 
that the galvanometer needle indicated a current at the moment 
both of completing and breaking the circuit, but that in the inter- 
val no deflection took place; and similarly the induced currents 
readily magnetized a sewing needle, while the electric current along 
the inducing helix was in the act of beginning or ceasing to flow, 
but at no other period. By varying the experiment, the same re- 
sult was obtained: an electric current transmitted from a voltaic 
battery through a conducting helix does not induce a current in an 
adjoining helix, except at the moment of making or breaking the 
voltaic circuit. In the former case the direction of the induced 
current is opposite to that of the inducing current, and in the latter 
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case it is the same. This phenomenon is distinguished by Faraday 
tinder the name of volta-electric induction. 

The inducing power of a magnet greatly exceeds that of an elec- 
tric current. A ring of soft iron was covered to nearly half its ex- 
tent by several helices, the ends of which were brought together so 
as to constitute a compound helix terminating in the conductors 
a by figure 85 ; and on the pther half of the ring were arrang^ 
similar helices which communicated by c d 
with a galvanometer. The two sets of 
helices were thus separated from each other 
by portions of the ring M M', and were 
protected by cloth from direct contact with 
the ring itself. At the moment the wires 
a b touched the ends of a voltaic combina- 
tion, the galvanometer was strongly aflPected : the needle then re- 
turned to its former position and remained there until the voltaic 
circuit was broken, when the needle was again deflected as strongly 
as before, but in the opposite direction. The action was still 
greater when both compound helices were on the same part of the 
ring, the induction being increased apparently by the closer conti- 
guity of the helices. Another of Faraday's arrangements, which 
was in several respects more convenient than the ring, consisted of 
a hollow cylinder of pasteboard, round which two compound helices 
were adjusted. On connecting one helix with a voltaic combina- 
tion, the other deflected the galvanometer and magnetized a needle, 
as in the experiments of volta-electric induction at first described ; 
but when a cylinder of soft iron was introduced into the pasteboard 
case, and a voltaic current transmitted as before, the effect on the 
galvanometer was much greater. The action in this last experiment 
and with the iron ring is distinguished by the name of Magneto- 
electric induction. 

The phenomena arising from magneto-electric and volta-electric 
induction are manifestly owing to the same condition of the induced 
wire : the action on the needle, though different in force, is identi- 
cal in kind. It is equally clear that the agent brought into opera- 
tion in the induced wire is an electric current, or, to dismiss the 
language of theory, that the induced wire is in the same electric 
state as the conducting wire in a closed voltaic circle. Its power 
in magnetizing steel and deflecting a magnet is sufficient evidence 
of this ; but Faraday, by magneto-electric induction, succeeded in 
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tluowing a firog'^s leg into spasms by connecting it with the induced 
wire, and by anning the ends of that wire with points of charcoal, 
and separating them at the instant the galvanic circuit of the in- 
ducing wire was broken or restored, sparks of electricity were ob* 
tained. The mode in which soft iron contributes to the effect is 
likewise obvious. An electric current circulating round a bar of 
soft iron has been shown to convert it into a temporary magnet 
possessed of surprising power (page 162) ; and it is doubtless to 
this magnet, called into temporary existence by the electric cur- 
rent, most of the induced electricity is to be ascribed. Faraday 
reduced this to certainty by surrounding a cylinder of soft iron 
with one helix connected with the galvanometer, and converting 
the soft iron into a temporary magnet, not by a voltaic battery, 
but by placing at each end of the cylinder the opposite pole of a 
magnet. During the act of applying the magnetic poles to the 
iron, the galvanometer needle was deflected ; and the deflection 
was reproduced, but in the opposite direction, when the magnetism 
of the iron was ceasing by the removal of the magnet. Similarly, 
when a helix was wound on a hollow cylinder of pasteboard, and a 
real magnet was introduced, the galvanometer was deflected : the 
needle then remained quiescent so long as the magnet was left in 
the cylinder ; but in the act of its removal, the needle was again 
deflected, though, as usual, in the opposite direction. 

These singular phenomena, which establish such new and inti- 
mate relations between voltaic and magnetic action, and supply 
additional evidence in &vour of Ampere'^s beautiful theory of mag- 
netism, have led to an experiment by which, at first view, an elec- 
tric spark appeared to be derived from the magnet itself. After 
Faraday had announced his experiment, above mentioned, of ob- 
taining a spark firom the induced wire, other attempts were made to 
effect the same object with a magnet, without the aid of galvanism. 
The first person who succeeded in this country was Forbes, who 
operated with a powerful loadstone (Phil. Trans. Ed. 1832). A 
helix of copper wire was formed round the middle of a cylinder of 
soft iron, which was of such length that its extremities reached firom 
one pole of the loadstone to the other. On applying and with- 
drawing the soft iron cylinder to and from the poles of the load- 
stone, magnetism was alternately created and destroyed within it. 
At these periods of transition, electric currents were induced in the 
helix surrounding the soft iron ; and when, at these instants, me- 
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tallic contact between the conducting wires of the helix was broken, 
an electric spark was visible. Forbes succeeded best by connecting 
one wire with a cup of mercury, and removing the other wire from 
contact with its surface at the instant when an assistant withdrew 
the armature of soft iron from the loadstone. In this experiment, 
therefore, the electricity was obtained from the helix, and was in- 
duced in it by the soft iron while in the act of acquiring or losing 
magnetism. The same experiment was performed by Paxaday with 
a loadstone belonging to Daniell ; and shortly before the experi- 
ment of Forbes, Nobili and Antinori succeeded with an ordinary 
steel magnet. Pixii in Paris afterwards performed this experiment 
with great eflPect by causing a strong horse-shoe magnet to revolve 
upon an axis, its poles passing in rapid succession in front of a soft 
iron armature of the same form ; and a still better arrangement is 
to cause the armature to revolve in front of the poles of a powerful 
magnet, as in the instrument fitted up by Saxton, and exhibited at 
the Adelaide-rooms, London. The voltaic currents are induced in 
one direction as the armature approaches the magnetic poles, and 
are reversed as it quits them ; so that the currents change their di- 
rection twice in each revolution. On all these occasions the source 
of the electricity is the same, being always induced in the helix by 
a temporary magnet ; and it has all the characters of a voltaic cur- 
rent. It produces brilliant sparks, renders platinum wire red hot, 
and gives a strong shock. It readily explodes gunpowder; and 
Ritchie has fitted up an apparatus for exploding with it a mixture 
of oxygen and hydrogen gases. It decomposes water rapidly ; and 
though from the rapid reversal in the direction of the currents, both 
gases are given off at the same wire, Pixii succeeded in collecting 
them separately. (An. de Ch. et Ph.) 

Intimately associated with magneto-electric induction, if not re- 
ferable to the very same origin, is the induction of electric currents 
by movement. On introducing a magnet into a hollow helix of 
copper wire, as also on withdrawing the magnet after its introduc- 
tion, an electric current was momentarily induced in the wire ; and 
if, the magnet being stationary, the helix were moved in its vicinity, 
an electric current is likewise induced. The action is not confined 
to magnets and copper wire ; but in all solid conductors of electri- 
city, when moved near the pole of a magnet, an electric current is 
generated, and the most perfect conductors act with the greatest 
effect. The direction of the movement is not immaterial : it is 
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ess^atial that the plane iu which the conductor moves should fonn 
an angle with the axis of the magnet ; and the most powerful cur- 
rents were induced, when the plane of motion was at right angles 
to that axis, and hence parallel to the electric currents which Am- 
pere supposes to exist in the magnet. The direction of the cur- 
rents depends on the direction of motion. If the movement of a 
wire from right to left cause a certain current, an opposite current 
will be induced when the wire is moved from left to right. In 
short, with regard to the direction of an induced current, Faraday^s 
researches establish this law, deduced by Ritchie: if a wire con- 
ducting voltaic electricity produce on magnets or conductors certain 
motions, whether repulsive, attractive or rotatory, and if the battery 
be removed, the ends of the wires brought into metallic contact, 
and the same motions be produced by mechanical means, the con- 
ductor will have the same electric state induced in it as it had when 
connected with the battery. (Phil. Mag. 3rd series, iv. 1^.) 

Faraday has applied this principle in a most happy manner to 
explain the phenomena of rotation discovered by Arago. If a plate 
of copper be revolved close to a magnetic needle suspended so that 
it may rotate in a plane parallel to the plate, the needle will rotate 
in the same direction ; and, reciprocally, a rotating magnet tends 
to give rotation to a contiguous copper plate. The same effects 
are produced by the rotation not only of all metals, but, according 
to Arago, of all bodies whether solid, liquid, or gaseous. These 
effects, which Faraday has principally examined in reference to the 
rotation of metals, are entirely owing to electric currents induced 
by the rotation, and flowing at right angles to the 
direction of motion. Suppose a 6 rf, figure 36, to ^^S* ^^* 

be a circular metallic plate, placed horizontally, ^ 
and capable of revolving round its centre c ; and / 
let n be the north pole of a magnet situated above I < 
the plate near its circumference at a. If a posi- V^ J^ 
tive electric current were to flow along the plate <C^^^^^ 
from c to a, the pole n would be impelled at right 
angles in the direction indicated by the arrow ; and hence, if the 
plate were made to revolve in the same direction, indicated by the 
arrows at h and d, an induced positive current would instantly flow 
from c to a. Its direction would be constantly in that line, being 
at right angles to the dotted arrow, which indicates the direction in 
which that part of the plate nearest to the pole is moving. Hence 
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the pole, acted on by the induced current, would receive an impulse 
in the same direction. 

If motion in the vicinity of a magnet induce an electric cur- 
rent, the same effect would be anticipated from the magnetic in- 
fluence of the earth ; and this fact has been proved by Faraday 
by most decisive and interesting experiments. When a bar of 
soft iron is held in the position of the dipping needle, the direc- 
tion of which, in regard to terrestrial magnetism, is analogous to 
the axis of a common magnet, it acquires magnetic properties ; 
and accordingly, on introducing a soft iron cylinder into a hollow 
helix of copper placed in the line of the dip, a galvanometer con- 
nected with the helix was instantly affected. But the use of 
iron may be dispensed with altogether ; for when a helix of cop- 
per wire was simply moved at right angles to the dipping needle, 
electric currents were induced by the magnetism of the earth. 
The form of a helix is not even necessary : the movement of a 
piece of copper wire across the line of dip developed currents in 
the wire. The same effect was produced by the rotation of a 
copper plate placed horizontally so as to be nearly at right angles 
to the line of dip ; and the revolution of a copper globe acted 
in the same manner. Faraday concludes that the rotation of the 
earth on its axis ought similarly to influence the conducting matters 
of its surface ; and that electric currents should be thereby in- 
duced from the equatorial regions to either pole. He throws 
out the suggestion whether the aurora borealis and australis may 
not be produced by the returning currents passing from the poles 
of the earth into the atmosphere. 

III. Chemical Effects of Galvanism. — The chemical agency of 
the voltaic apparatus, to which chemists are indebted for a most pow- 
erful instrument of analysis, was discovered by Carlisle and Nichol- 
son, soon after the invention was made known in this country. 
The substance first decomposed by it was water. When two 
gold or platinum wires are connected with the opposite ends of 
a battery, and their free extremities are plunged into the same 
cup of water, but without touching each other, hydrogen gas is 
disengaged at the — and oxygen at the -f wire. By collecting 
the gases in separate tubes as they escape, they are found to be 
quite pure, and in the exact ratio of two measures of hydrogen 
to one of oxygen. When wires of a more oxidable metal are 
employed, the result is somewhat different. The hydrogen gas 
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appears as usual at the — wire ; but the oxygen, instead of 
escaping, combines with the metal, and converts it into an oxide. 

This important discovery led many able experimenters to make 
similar trials. Other compound bodies, such as acids and salts, 
were exposed to the action of galvanism, and all of them were 
decomposed without exception, one of their elements appearing 
at one side of the battery, and the other at its opposite extremity. 
An exact uniformity in the circumstances attending the decom- 
position was also remarked. Thus, in decomposing water or other 
compounds, the same kind of body was always disengaged at the 
same side of the battery. The metals, inflammable substances in 
general, the alkalies, earths, and the oxides of the common metals, 
were found at the — wire ; while oxygen, chlorine, and the acids, 
went over to the + sur&ce. 

In performing some of these experiments, Davy observed, that 
if the conducting wires were plunged into separate vessels of 
water) made to communicate by some moist fibres of cotton or 
amianthus, the two gases were still disengaged in their usual 
order, the hydrogen in one vessel, and the oxygen in the other, 
just as if the wires had been immersed into the same portion of 
that liquid. This singular fact, and another of the like kind 
x>b6erved by Hisinger and Berzelius, induced him to operate in 
the same way with other compounds, and thus gave rise to his 
celebrated researches on the transfer of chemical substances from 
one vessel to another (Phil. Trans. 1807). In these experiments 
two agate cups, N and P, were employed, the first communicating 
with the — , the second with the + wire of the battery, and con- 
nected together by moistened amianthus. On putting a solution 
of sulphate of potassa or soda into N, and distilled water into P, 
the acid very soon passed over to the latter, while the liquid in the 
former, which was at first neutral, became distinctly alkaline. The 
process was reversed by placing the saline solution in P, and the 
distilled water in N, when the alkali went over to the — cup, 
leaving free acid in the other. That the acid in the first experi- 
ment, and the alkaline base in the second, actually passed along 
the amianthus, was obvious ; for on one occasion, when nitrate of 
oxide of silver was substituted for the sulphate of potassa, the 
amianthus leading to N was coated with a film of metal. A simi- 
lar transfer was effected by putting distilled water into N and P, 
and a saline solution in a third cup placed between the two others, 



174 GALVANISM. 

and connected with each by moistened amianthus. In a short time 
the acid of the salt appeared in P, and the alkali in N. It was in 
pursuing these researches that Davy made his great discovery of 
the decomposition of the alkalies and earths, which till then had 
been regarded as elementary. (Phil. Trans. 1808.) 

Such is a statement of the principal phenomena of electro-che- 
mical decomposition according to the earlier experiments. The 
facts then observed were received as established truths of science, 
and passed current without suspicion or scrutiny till the present 
time. But Faraday, in his revision of this part of the science, has 
not only added much new matter, but proved that several points, 
which were considered as fundamental maxims, are erroneous. Be- 
fore describing his results, however, I will define the new terms 
which he has had occasion to introduce. — In order to decompose a 
compound, it is necessary that it should be liquid, and that an 
electric current should pass through it ; an object easily effected 
by dipping into the liquid the ends of the metallic wires which 
communicate with the voltaic circle. These extremities of the: 
wires are commonly termed poles^ &om a notion of their exerting 
attractive and repulsive energies towards the elements of the de- 
composing liquid, just as the poles of a magnet act towards iron ; 
and each is further distinguished by the term positive t>r negaiivci 
according as it affects an electrometer with -|- or — electricity. 
Now Faraday contends that these poles have not any attractive or 
repulsive energy, and act simply as a path or door to the current : 
he hence calls them electrodes, from fjKBxrgop, and o^^, a way. 
The electrodes are the surfaces, whether of air, water, metal, or 
any other substance, which serve to convey an electric current into 
and from the liquid to be decomposed. The surfaces of this liquid 
which are in immediate contact with the electrodes, and where the 
elements make their appearance, are termed anode and cathode, 
from uvoCf upwards, and ohog, the way in which the sun rises, and 
ifCUTcc, downwards, the way in which the sun sets. The anode 
is where the + current is supposed to enter, and the cathode where 
it quits, the decomposing liquid, its direction, when the electrodes 
are placed east and west, corresponding with that of the + current 
which is thought to circulate on the surface of the earth (page 166)* 
To electrolyze a compound, is to decompose it by the direct action 
of galvanism, its name being formed from r[kZK7§ov and Xva, to 
finloose or set free ; and an electrolyte is a compound which may 
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be electrolyzed. The elements of an electrolyte are called ions, 
from, iovj going, neuter participle of the verb to go. Anions are 
the ions which appear at the anode, and are usually termed the 
electro-negative ingredients of a compound, such as oxygen, chlorine, 
and acids ; and the electro-positive substances, hydrogen, metals, 
alkalies, which appear at the cathode, are cations. Whatever may be 
thought of the necessity for some of these terms, the words elec- 
trode, electrolyze, and electrolyte, are peculiarly appropriate, and 
are already in use. 

The principal facts determined by Faraday may be arranged 
under the following propositions : — 

1. AH compounds, contrary to what has been hitherto supposed, 
are not electroljrtes, that is, are not directly decomposable by an 
electric current. But in making this assertion it is necessary to 
distinguish between primary and secondary decomposition. Water 
is an electrolyte, its hydrogen being delivered up at the — and its 
oxygen at the -f electrode. A solution of hydrochloric acid is 
likewise an electrolyte, being resolved into chlorine and hydrogen. 
But nitric and sulphuric acids and ammonia are not electrolytes, 
though the first and last are decomposed by secondary action. 
Thus, on subjecting nitric acid to voltaic action, the water of the 
solution is electrolyzed, and its hydrogen arriving at the + elec- 
trode, decomposes the nitric acid, water being there reproduced and 
nitrous acid formed. So, in a solution of ammonia, the oxygen 
of decomposed water unites at the -f electrode with the hydrogen 
of the ammonia, and nitrogen gas is evolved. Very numerous se- 
condary actions are occasioned in this way, because the disunited 
elements are presented in a nascent form, which is peculiarly 
&vouiable to chemical action ; and in many instances the electrode 
itself, which is commonly metallic, is chemically attacked. Thus, 
when chlorine is evolved against an electrode of gold, oxygen at 
one of some easily oxidable metal, as copper or iron, or sulphur 
against a silver electrode, chloride of gold, oxide of copper or iron, 
and sulphuret of silver, are generated. If these changes are caused 
by very feeble currents acting slowly, as for weeks, months, or 
years, the new products have opportunity to assume regularly 
crystalline forms. It is by such means that Becquerel has suc- 
ceeded in procuring artificial minerals exactly resembling those 
which are found in mines (Traite d'Electricit^) ; and Crosse 
has since obtained similar results (Phil. Mag. and An. ix. 229). 
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Taking these iacts in conjunction with the researches Cff Fox on 
the electrical state of mineral veins, there can be no.longer ^ 
doubt that feeble electric currents within fissures of rocks, ind^iced 
by terrestrial magnetism, by variations of temperature at different 
parts of the rock, or by the different nature of the walls of the 
fissures, or of the solutions with which they are filled, . may have 
been one principal source of metalliferous deposits ; nor is it at 
all unreasonable or unphilosophical to suppose that the enormous 
mineral masses which now constitute our metalliferous veins may 
have been the work of such feeble currents acting during hundreds 
or thousands of centuries. Feeble agencies operative for a long 
period are often just as efficacious in effecting great dbaogen as 
powerful agents at work during a short period ; and Becquerd, in 
opening this new line of inquiry, has supplied a principle by which 
the scientific geologist may explain many of those obscure, phe- 
nomena which fall within his observation. ,,^ 
£. Most of the salts which have been examined are re8Qlva)>le. 
into acid and oxide, apparently without reference to their. pro- 
portions. But in compounds of two elements, the ratio of combi-' 
nation has an influence which has hitherto been wholly overlooked. 
No two elements appear capable of forming more than one elector 
lyte. Hydrochloric acid and fused metallic protochloride, such as 
the chlorides of lead and silver, and protochloride of tin, are rea- 
dily decomposed ; while bichloride of tin and other perchlorides 
resist decomposition. Substances which consist of a single equiva- 
lent of one element and two or more equivalents of some other 
element, are not electrolytes : this is the reason why sulphuric and 
nitric acid and ammonia do not yield primarily to voltaic action. 
This principle bids fair to become very important in determining 
which of several compounds of two elements contains single equiva* 
lents. Water, which is remarkable for its easy decomposition, 
may hence be inferred to be a true binary compound. 

3. It has been ascertained that most of the elements are iatUy 
and it is probable that all of them are so ; but there are several 
important elements, such as nitrogen, carbon, phosphorus, boron^ 
silicon, and aluminium, which have not yet been proved to be 
tons. This arises from the difficulty of obtaining these elements 
in compounds fitted for electrolytic action. 

4. A single ion, that is, one ion not in combination with an** 
other, has no tendency to pass to either of the electrodes, and is 
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quite indifierent to the passing current, unless it be itself a com- 
poand ion, and therefore electrolyzable. The character of true 
electrolytic action consists in the separation of tons, one passing 
to one electrode and another to the opposite electrode, and appear- 
ing there at the same instant, unless the appearance of one or both 
be prevented by some secondary action. 

5. There is no such thing as a transfer of tons in the sense 
mually understood. In order that the elements of decomposed 
water should appear at the opposite electrodes, there must be 
water between the electrodes ; and for the similar separation of 
sulphnric acid and soda, there must be a line of particles of sul- 
phate of soda extending from one electrode to the other. Thus, if 
a solution of sulphate of magnesia be covered with pure water, 
care being taken to avoid all admixture of particles, and the 

+ metallic termination or pole touch the magncsian solution 
only, while the — pole is in contact with the water only, 
a deposit of magnesia occurs just where the pure water and the 
magnesian solution meet, and none reaches the — pole. In 
Davy's experiment, where sulphuric acid and soda appeared to 
quit each other, and pass over separately into a vessel of pure 
water, there was certainly by capillary attraction an actual transfer 
of the salt before decomposition occurred. 

6. In the foregoing experiment a surface of water acts as the — 
electrode, clearly showing the contact of a metallic conductor with 
the decomposing liquid not to be essential. Faraday has proved 
that even air may serve as an electrode. A current from the prime 
conductor of an electrical machine was made to pass from a needle'^s 
point through air to a pointed piece of litmus paper moistened with 
sulphate of soda, and then to issue from a similarly moistened 
point of turmeric paper. True electrolytic action took place, the 
litmus becoming red and the turmeric paper brown, though both 
extremities of the decomposing solution communicated solely with 
a stratum of air. 

7. Electro-chemical decomposition cannot occur unless an elec- 
tric current is actually transmitted through the electrolyte ; or, in 
other terms, an electrolyte is always a conductor of electricity. 
Water, which conducts an electric current, ceases to do so when it 
passes into ice, and then also resists decomposition — an observation 
equally true of all electrolytes on becoming solid. Moreover, 
liquids which resist electro-chemical decomposition do not permit 

N 
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the current of a voltaic circle to pass. The alliance between con- 
duction and decomposition is so constant, that the latter may be 
regarded as a means by which voltaic currents ajre transmitted 
through liquid compounds. Agreeably to this notion, solidity 
may interfere with conduction by chaining down the elements of a 
compound, and thereby preventing their transfer to the electrodes. 
Improving the conduction of a liquid, as by adding sulphuric acid 
to pure water, increases the decomposing power of a voltaic circle, 
the exciting fluid within the apparatus remaining the some ; and 
Faraday has proved that the quantity of a compound decomposed 
is exactly proportional to the quantity of electricity which passes, 
however much other circumstances, such as the size of electrodes 
and conducting wires, number and size of plates, and nature of ex- 
citing fluid, may vary* Changes in these conditions do, indeed, 
influence the quantity of electricity transmitted ; but then the 
degree of chemical decomposition varies in the same proportion. 
The foregoing facts at first led to the opinion that the current of a 
voltaic circle cannot pass through liquids, except those of a metallic 
nature, unless decomposition ensues at the same time ; but Faiar 
day has noticed that when the intensity is too feeble to^ efiect 
decomposition, a small quantity of electricity may be transmitted, 
sufficient to be discovered by a galvanometer. This does not, 
however, essentially interfere with the law just announced. 

8. Chemical compounds differ in the electrical force required for 
decomposition. A current of very feeble tension suffices to decom- 
pose iodide of potassium, while a much higher intensity is required 
for disuniting the elements of water. The order of easy decompo- 
sition in the annexed substances is as follows : — Solution of iodide 
of potassium ; fused chloride of silver ; fused protochloride of tin ; 
fused chloride of lead ; fused iodide of lead ; solution of hydro- 
chloric acid ; and water acidulated with sulphuric acid. By extend- 
ing tables of this kind, a ready method will be known for compar- 
ing the tension of voltaic circles. 

9. The conduction of the electric currents within the cells of a 
voltaic circle depends on chemical decomposition equally with that 
between platinum electrodes. No substance not an electrolyte can 
serve to excite a voltaic apparatus ; and for the passage of electri- 
city from plate to plate through the intervening solution, the sepa- 
ration of substances previously combined in the required ratio is 
essential. Neither free oxygen nor a solution of chlorine can ex- 
cite a current, though they attack the zinc and develope electricity; 
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and in a Yoltaie ciide excited by dilute sulphuric acid, the elec- 
tricity set in motion is due to decomposed water and oxidized zinc, 
ubA not at all to the union of the oxide of zinc with sulphuric acid. 
The platinum electrodes and intervening liquid may be viewed as 
one of the cells of the circle, except that the plates act merely as 
oondncton, without any oxidation, the current passing in virtue of 
the deeompoeed solution. Thus, in figure 10, page 147, the zinc 
and copper plate of either of the glasses may be replaced by two 
plates of platinum ; or several pairs of such plates may be intro- 
duced in any part of a compound circle, in which case the inter- 
vening spacee are cells of decomposition only. But such plates 
diminish yery much the power of a battery. In the zinc and cop- 
per cells, the current is urged on by the appetency of the zinc and 
oxygen to unite ; whereas, in passing between the electrodes, the 
electricity has to surmount the mutual attraction of oxygen and 
hydrogen, or some similar force, without the assistance of any op- 
posing affinity. In overcoming this obstacle, the electric current is 
enfeebled ; and if its tension be insufficient for decomposing the 
interposed liquid, it is almost completely arrested. Hence, in 
experiments on decomposition, the course of the electricity should be 
fiurilitated by employing laige electrodes and wires, and placing them 
at a short distance from each other in a good conducting solution. 
The principles above established show the importance of exciting 
all the cells of a voltaic circle with a liquid of the same strength. 
The electricity circulating in a voltaic apparatus with the conduct- 
ing wires in contact, is equal to that which the feeblest cell is able 
to transmit, any chemical action in other cells more than sufficient 
for exciting that quantity being wasted ; and in a circle with several 
decomposing cells, the current which traverses the cell of lowest 
conducting power determines the quantity circulating through the 
whole apparatus. 

THEORIES OF GALVANISM AND ELECTRO-CHEMICAL THEORY. 

Of the theories proposed to account for the developement of 
electricity in voltaic combinations, three in particular have attract- 
ed the notice of philosophers. The first originated with Volta, 
who conceived that electricity is set in motion, and the supply 
htfft up, solely by contact or communication between the metals 
(page 188). He regarded the interposed solutions merely as con- 
dnct<Hrs, by means of which the electricity developed by each pair 
of plates is conveyed from one part of the apparatus to the other. 

N 2 
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Thus, in the pile or ordinary battery, represented by the following 
series. a 2 i 



-|- zinc copper fluid zinc copper fluid anc copper — 

Volta considered that contact between the metals occasions the zinc 
in each pair to be -f- , and the corresponding copper plate to be 
— ; that the + zinc in each pair except the last, being separated 
by an intervening stratum of liquid from the — copper of the fol- 
lowing pair, yields to it its excess of electricity ; and that in this 
way efujh zinc plate communicates, not only the electricity deve- 
loped by its own contact with copper, but also that which it had 
received from the pair of plates immediately before it. Thus, in 
the three pairs of plates contained in brackets, the second pair was 
thought to receive electricity from the first only, and the third pair 
from the first and second. In batteries constructed on the principle 
of the crown of cups (fig. 9), the electro-motion^ as Volta called 
it, is ascribed to metallic communication between the zinc of one 
glass and the copper of the adjoining one. 

The second is the chemical theory^ proposed by Wollaston. 
Volta attached little importance to the chemical changes which 
uever fail to occur in every voltaic circle, whether simple or com- 
pound, considering them as casual or unessential phenomena, and 
therefore neglected them in the construction of his theory. The 
constancy of their occurrence, however, soon attracted notice* In 
the earlier discussions on the cause of spasmodic movements in the 
frog (page 137), Fabroni contended, in opposition to Volta^ that 
the effect was not owing to electricity at all, but to the stimulus of 
the metallic oxide formed or of the heat evolved during its produc- 
tion. More extended researches soon proved the fallacy of this doc- 
trine ; but Fabroni made a most ingenious use of the facts within his 
knowledge, and paved the way to the chemical theory of Wollaston, 

Wollaston, fully admitting electricity as the voltaic agent, as- 
signed chemical action as the cause by which it is excited. The 
repetition and extension of Volta'^s experiments by the English 
chemists speedily detected the error he had committed in over- 
looking the chemical phenomena which occur within the pile. It 
was observed that no sensible effects are produced by a combinar^ 
tion of conductors which do not act chemically on each other ; that 
the action of the pile is always accompanied by the oxidation of the 
zinc ; and that the energy of the pile in general is proportional to th© 
activity with which its plates are corroded. Observations of. thi» 



dALVANISM. 181 

natui^ induced WoUaston to conclude that the process begins with 
the oxidation of the zinc, — ^that oxidation, or, in other terms, che- 
mical action, was the primary cause of the developement of electri- 
city, — that the fluid of the circle served both to oxidize the zinc 
and to conduct the electricity which was excited, — ^and that contact 
between the plates served only to conduct electricity, and thereby 
complete the circuit. 

The third theory of the pile was proposed by Davy, and is in- 
termediate between the two former. He adduced many experi- 
ments in support of Volta''s statement, that the electric equilibrium 
is disturbed by the contact of diflPerent substances, without any 
chemical action taking place between them. He acknowledged, 
however, with Wollaston, that the chemical changes contribute to 
the general result ; and he maintained that, though not the pri- 
mary movers of the electric current, they are essential to the con- 
tinued and energetic action of every voltaic circle. The electric 
excitement was begun, he thought, by metallic contact, and main- 
tained by chemical action. 

The progress of inquiry since these theories first came into no- 
tice has gradually given more and more support to the views of 
Wollaston, and has at last, I apprehend, established it to the 
entire exclusion of the theory of Volta. The very fundamental 
position, that electricity is excitable as a primary result by the 
contact of different substances, is warmly contested, and, as some 
think with strong reason, has been disproved (page 120) ; but 
admitting, for the sake of argument, that a small effect, which is 
all that can now be contended for, may thus be produced, it is 
altogether insignificant when contrasted with the astonishing pheno- 
mena exhibited by a voltaic circle. The experiments of De la 
Rive, in reference to this question, appear irreconcilable with the 
theory of Volta (An. de Ch. et Ph. xxxviii. 225 ; Ixi. 38 ; Ixii. 
147). This ingenious philosopher contends that the direction of a 
voltaic current is not determined by metallic contact, nor even by 
the nature of the metals relatively to each other, but by their che- 
mical relation to the exciting liquid. As the result of his inquiries, 
he states, that of two metals composing a voltaic circle, that one 
which is most energetically oxidized will be -f- with respect to the 
other. Thus, when tin and copper are placed in acid solutions, 
the former, which is most rapidly corroded, gives a -f current 
through the liquid to the copper, as the zinc does in the circle in 
fig. 1 ; but, if they are put into a solution of ammonia, which acts 
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most on the copper, the direction of the current will be reversed. 
Copper is -H in relation to lead in strong nitric acid, which oxidizes 
the former most freely ; whereas in dilute nitric acid, by which the 
lead is most rapidly dissolved, the lead is +. Even two plates of 
copper immersed in solutions of the same acid, but of different 
strength, will form a voltaic circle, the plate on which chemical 
action is most free causing a current of + electricity to the other: 
nay, it is possible to constnict a compound circle solely with zinc 
plates and one acid solution (page 140), provided the same side of 
each plate be more rapidly oxidized than the other. 

The admirable researches of Faraday (Phil. Trans. 1888 & 84) 
supply conclusive evidence against the theory of Volta, proving 
metallic contact not to be essential to voltaic action, inasmuch as 
it is procured characteristically without contact. A plate of 
zinc, a, fig. 11, about 8 inches long by -^ an inch wide, wm 
cleaned and bent at a right angle ; and a plate of platinum, of the 
same width and 3 inches long, was soldered to a platinum wire 
bs Xy the point of which, op, rested on a piece of bibulous ^"S* ^^* 
paper lying upon the zinc, and moistened with a solu- 
tion of iodide of potassium. On introducing the plates 
into a vessel, c, filled with dilute sulphuric and nitric 
acid, a -f- current instantly ensued in the direction 
of the arrow, as testified by the hydrogen evolved at the 
plate a, by the decomposed iodide of potassium, and 
by a galvanometer. We have thus a simple circle of 
the same construction and action as in figure 1, except 
in the absence of metallic contact. 

Another proof, aptly cited by Faraday, of electric excitement 
being independent of contact, is afforded by the spark which ap- 
pears, when the wires of a pair of plates in vigorous action are 
brought into contact. The spark is occasioned by the passage of 
electricity across a thin stratum of air ; and therefore its production 
proves that electro-motion really occurred while the wires were yet 
separated by a thin stratum of air, which permitted the electric cur- 
rent to pass, and anterior to their actual contact. 

The arrangement of figure 11, however, though good for esta- 
blishing a principle, is not adapted for ordinary practice. The 
moist paper at a; is a much less perfect conductor than a metal, and 
thus obstructs the passage of the current ; nay, it does more, for 
it tends to establish an opposite current. In fact, on removing the 
dilute acid from c, and putting the zinc plate, a, in contact with 




GALVANISM. 188 

Ui« plate of platinum, an ordinary simple circle would be formed, 
in which a positive current would flow from the zinc at x through 
the solution to and along the wire x s b. This current, in Fara- 
day'^s experiment, was so feeble compared with the one excited by 
the add solution, that its influence was scarcely appreciable ; but 
if the opposed currents had been of the same force, no action 
would have ensued. To illustrate this still further, Faraday fixed 
• plate of platinum, f, figure 12, parallel and Fig. 12. 

near to a plate of amalgamated zinc, z. On ^^ -^ p ^ 

placing a drop of dilute sulphuric acid at y^ ^^ ^^ *- ^ ^ 
and making metallic contact between the 
plate at z p, a 4- current flowed in the direction of the arrows. If 
in the same plates, fig. 13, the acid be intro- ^*&' ^^ 

duced at «, and metallic contact made at f z^^ '^ . :> 

the current, passing as before from zinc through z -^ « 

the liquid to the platinum, has a direction opposed to that of 
figure 2j owing to the reversed position of the acid. If, thcn^ in 
the same plates, figure 14, a drop of acid be • ^^S' 14. 
introduced at y and at ac, the conditions q^^ ^ • — -\ 

obviously fulfilled for producing two opposite J" * » 

currents of + electricity, each fluid acting as a substitute for me- 
tallic contact in conducting the current which the other tends to 
generate. If these opposing currents happen to be equal, they 
will annihilate the effects each separately would produce ; and if 
unequal, the stronger current, as in figure 1£, will annihilate the 
weaker, and, though with diminished power, impress its character 
on the circuit A similar result occurs Fig. 15. 

when, as in figure 15, the order of one 
pair of plates is opposed to that of a se- 
cond pair : the pair in bracket No. 1 

Bends a + current from left to right, ^^ 7 ^ '^ 7 

and No. 2 from right to left ; which currents, by means of the wire 
connecting the two copper plates, neutralize each other more or less 
completely according as they approach more or less to equality. This 
shows the effect of reversing the position of a pair of plates in a 
voltaic battery, and explains why oxidation should be confined to 
one only of the plates of which each pair consists. 

To explain how chemical action excites electricity, recourse is 
had to the electro-chemical theory, first started by Davy in his 
essay on Sotiu Chemical Agencies of Electricity (Phil. Trans. 1807). 
The views of Davy, which in some form or other have been adopt- 
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ed by moat persons who have speoulated on this suhjeot,^are feuiulr: 
ed on the assumption, now rendered so much more plausible thaii< 
in his day, that electrical and chemical attractions are owing to one 
and the same agent. He considered chemical substances to;be enr 
dowed with natural electric energies ; meanii^ thereby, that ai c«^ 
tain electric condition, either + or — , is natural to the atoms or 
combining molecules of bodies ; that chemical union is the result 
of electrical attraction taking place between oppositely excited atoms, 
just as masses of matter when oppositely excited are mutually 
attmcted ; and that ordinary chemical decomposition arises from 
two combined atoms being drawn asunder by the electric energies' 
of other atoms more potent than those by which they were united. 
Electro-chemical decomposition was at once explained by Davy on 
the same principles. He regarded the metallic terminations or 
poles of a voltaic circle (page 174) as two centres of electrical 
power, each acting repulsively to particles in the same electric state 
as itself, and by attraction on those which were oppositely excited^ 
The necessary result was, that if the electric energy of the battery 
exceeded that by which the elements of any compound subject to 
its action were held together, decomposition followed, and each 
element was transferred bodily to the pole by which it was attract- 
ed, passing through solutions not containing the original compound, 
and refusing to unite with substances for which under other circum- 
stances it would have combined. Substances which appeared at the 
-h pole, such as oxygen, chlorine, and acids, were termed, electro- 
negative substances ; and those electro-positive bodies, which were 
separated at the — pole. 

The views of Davy, both in his original essay and his subsequent 
explanations (Phil. Trans. 1826), were so generally and obscurely 
expressed, that chemists have never fully agreed, as to some points 
of the doctrine, about his real meaning. If he meant that a 
particle of free oxygen or free chlorine is in a negatively excited 
state, then his opinion is contrary to the fact, that neither of those 
gases affect an electrometer with — or any kind of electricity, any 
more than hydrogen gas or potassium alone exhibit any evidence of 
+ excitement. If sulphur unites with oxygen because it has a 
+ electric energy, why should it unite with potassium, which con- 
fessedly is far more + than itself ? The only mode in which 
such facts as these seem reconcilable with the electro-chemical 
theory, is to suppose all bodies in their uncombined state to be 
electrically indifferent, but that they have a natural appetency. to 
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BSSfsat^ one state in preference to another. Electro-negative bodies 
ai^ «acb as assume negative excitement under a certain approxima- 
tion to others which at the same time become positively excited, 
chemical union being the consequence. On this supposition, it is 
intelligible that sulphur may be + in relation to oxygen, and — 
to-po^issium, just as black silk is positively electrified by friction 
with sealing-wax, and negatively by white silk. Accordingly, 
BeradfOB, and others who have since speculated on this subject, 
have been obliged to modify the theory as first given by Davy ; 
and it is viewed at present in different ways by different persons. 
The following is what appears to me most correctly to harmonise 
with the laws of electricity and the phenomena to be explained : — 
A particle of zinc and a particle of oxygen, each possessed of -f- 
and — electricity, assume in combining opposite electric condi- 
tions, and combine, in consequence of such assumption, the par- 
ticles adhering together by virtue of their opposite states, just as 
two oppositely excited pith balls are mutually attractive. The 
zinc particle in becoming + gives off — electricity to the mass of 
aanc or other body to which it had belonged ; and, in like manner, 
the particle of oxygen, in becoming — , supplies + electricity to 
adjacent particles of oxygen or other adjacent substances. Thus 
electro-positive bodies in the act of combining give off — electri- 
city, and electro-negatives set free + electricity. In general, these 
opposite electricities instantly neutralize each other; but under 
fstvourable circumstances, as in Pouillct^s experiments, (page 119,) 
such effect is preVented. So, in an experiment by De la Rive, of 
transmitting dry chlorine gas mixed with air through an in- 
sulated copper tube, chloride of copper is generated : if the gases 
pass onward in a continuous current, the + electricity set free 
by the chlorine is carried off by the air, while the tube is rendered 
n^ative by the — electricity lost by those particles of copper 
which combine with the chlorine. 

Chemical decomposition also excites electricity ; and by this 
theory it ought to do so. For a particle of zinc in quitting oxygen 
is 4- , must recover — electricity before it can resume its natural 
state, and in doing so leaves contiguous substances + ; and, simi- 
larly, the — oxygen renders objects — by robbing them of their + 
electricity. Hence, a body in combining excites in others an electric 
state opposite to that which it assumes ; while in the act of de- 
composition it produces an effect exactly the reverse. 

Again, it follows from the theory, that unless the zinc can as- 
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sume the + state by getting rid of — electricity, it cannot unite 
with oxygen ; and that chemical union will more readily ensue, 
the more freely a conducting medium for carrjring off such — elec- 
tricity is supplied. This is applicable to Davy'^s method of pre- 
serving copper in sea- water (page 141). A piece of zinc in con- 
tact with copper corrodes rapidly by the copper carrying off its — 
electricity ; while the copper thus constantly rendered — , is pre- 
vented from assuming the + state, and hence loses its power of 
uniting either with oxygen or chlorine. These principles readily 
apply to a simple voltaic arrangement, composed of zinc, copper, 
and dilute acid. In the broken circuit, the oxidation of the zinc 
causes the liquid, which supplies the oxygen, to be -f- ; while the 
zinc plate is made — by the electricity given off by the oxidizing 
particle of zinc. This happens whether the copper plate is present 
or not. The -f- electricity diffused in the acid solution is in part 
taken up by the copper plate which thereby becomes -H , and is in 
part lost by neutralizing the — electricity on the zinc plate. In 
the closed circuit, the — electricity on the zinc escapes along the con- 
ducting wire to the copper plate ; the effect of which is, to promote 
the oxidation of the zinc on the principle above stated, and by ren- 
dering the copper — , to facilitate the extraction of -f- electricity 
from the liquid. A current of + electricity thus circulates from 
the zinc through the liquid to the copper, and of — electricity 
in the opposite direction (page 189). That plate which by chemi- 
cal action with the liquid excites electricity, is called the generat- 
ing plate ; while the other is the conducting plate, because it per- 
forms the office of a conductor merely : in the common circle, zinc 
is the generating, and copper the conducting plate. 

In a compound circle, represented by three pairs of plates, as in 
fig. 1 6, each pair of plates, indicated by the brackets, sends a cur- 
rent of -f electricity from the zinc through the liquid to the 

1 2 3 

zinc copper fluid zinc copper fluid zinc copper 

copper, rendering each copper plate -f- , while each zinc plate is — . 
The first copper and second zinc plates, being oppositely electri- 
fied, neutralize each other ; and the same occurs with the second 
copper and third zinc, as with any number of plates similarly 
situated. The extreme plates alone can evince an electric state, the 
zinc in the broken circuit being — , and the copper + ; and if these 
plates are connected by a wire, they, like the other zinc and copper 
plates of the series, neutralize each other, and a continuous current 
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18 eBtablkhed through the nrhole battery, of + electricity in one 
direction, as shown by the arrows, and of —in the other. Thus, 
the quantity of electricity which circulates in one part of the closed 
battery, which is aptly called a circle, is, contrary to the notion 
of Volta, (page 180) the same in every part (page 150). The in- 
fluence of a number of plates is to augment the intensity only 
(page 149). This subject has been ably discussed by De la Rive. 
(An. de Ch. et Ph. Ixii. 180.) 

Chemists are not agreed as to the order of electric energy in 
whicb the elements should be arranged. The following is that 
given by Bergelius, and may be viewed as approximative rather 
than rigidly exact : — Sulphur, nitrogen, and hydrogen scarcely oc- 
cupy their true position in the series. The two former are less 
electro-negative than chlorine and fluorine, and hydrogeu, I con- 
ceive, should occupy a prominent station among the electro-posi- 
tive elements. All the bodies in the first series are — with 
r^aid to those in the second. In the first series each element is 
<— , and in the second -{- » to all those which follow it. 

1. Negative jE/cc^nw.— -Oxygen, sulphur, nitrogen, chlorine, 
iodine, fluorine, phosphorus, silenium, arsenic, chromium, moly- 
bdenum, tungsten, boron, carbon, antimony, tellurium, columbium, 
litanium, silicon, osmium, hydrogen. 

2. Positive £/ecirics.— Potassium, sodium, lithium, barium, 
strontium, calcium, magnesium, glucinium, yttrium, aluminium, 
zirconium, manganese, zinc, cadmium, iron, nickel, cobalt, cerium, 
lead, tin, bismuth, uranium, copper, silver, mercury, palladium, 
platinum, rhodium, iridium, gold. 

Theory of Chemical Decomposition. — Compounds are decom- 
posed by galvanism, so far as is known, only when they are more or 
less fluid, that state being apparently necessary for giving mobility 
to the elements, which are otherwise chained down to one spot and 
prevented from separating. Davy^s opinion, that an element is 
actually transferred beyond the place in which the decomposing 
compound exists, is untenable after the experiments of Faraday 
(page 177). If a cell, ab, fig. 17, be filled with a solution of 
sulphate of soda, and a + current pass through it between the elec- 
troders 6 a in the direction shown by the arrows, the sulphuric acid 
will appear at &, and the soda at a : but if ab be divided into 
three compartments c, n, e, by means of septa of moist bladder, 
c, e, and the sulphate of soda be confined to n, while dilute 
nitric acid be in c and £ ; then, the + current passing as before, 
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the sulphuric acid will be set free at the membratie «, and sbda at 
c : not a particle of acid or alkali will go over to a or i ; but the 
membranous septa will act as the electrodes or conreyers of the 
current into and from the solution of sulphate of soda, and at these 
septa only will the acid and alkali be set free. Should the solutioti 
soak through the bladder into c and e, then will the acid appear 
at by and the alkali at a. In this, as in all similar cases, the ele- 
ments of a compound are set free only when the current enters and 
quits the compound : acids, oxygen, and electro-negatives in gene- 
ral, appear at the electrode by which the + current enters; and 
alkalies, hydrogen, and electro-positives, whence the same current 
leaves the compound. 

Facts like these are inconsistent with the hypothesis of Davy, 
by which he accounted for chemical decomposition and transfer, 
that attraction is exerted for the elements of compounds by the me- 
tallic conductors a b. The most feasible theory is that of Groth- 
hus, of there being successive decompositions and recompositions in 
the line of particles lying between the electrodes. Let the upper 
part of fig. 18 represent a row of three particles of water lying 
between the electrodes c 2, oxygen being represented by 0, and hy- 
drogen by ® . A -h current, in passing through them, is assumed 
to impart a kind of polar or magnetic virtue to the particles of oxy- 
gen and hydrogen, whereby affinity is weakened or destroyed on 
one side, and exalted on the other : each particle of hydrogen, for 
example, loses its attraction for the oxygen on its right side and 
quits it, but acquires an attraction for the oxygen on the left side 
and combines with it. Three particles of water thus yield, as in 
the lower part of fig. 18, two other particles are generated; 
while the extreme particles of oxygen and hydrogen are set free. 
There is thus no transfer from one spot to another ; the oxygen 
and hydrogen are set free at the place where they pre-existed ; and 
they are evolved as gases, unless, by some secondary action, they 
should unite with the matter of the electrodes or with some element 
of the solution. 

This process of decomposition ensues quite independently of that 
chemical change by which the electric current is generated. Let 
c Zy fig. 19, be a simple circle with platinum electrodes p p\ the 
liquid in the cells containing c z and p p being dilute sulphuric 
acid, and a + current circulating as shown by the arrows. In the 
upper cell the want of affinity between the liquid and platinum 
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Qftuseaboth gases to be evolved : that cell is one of decomposition 
nierely ; but in the lower, the decomposition due to the electric 
current is compounded with that action between the zinc and liquid 
hj which the electricity itself is generated. The lower cell is hence 
called a generating cell. Each generating cell of a battery, whether 
simple or compound, is also a decomposing one ; and the amount of 
decomposition in each, due to the current, is exactly the same as in 
a decomposing cell. The interposition of a decomposing cell re- 
tards the current, since the electricity has to overcome the affinity 
of the compound before it can circulate (page 179). 

The preceding theoretical questions have been discussed on the 
assumption of electricity, as explained in the last section, being an 
independent principle susceptible of rapid motion from one body to 
another; and that the condition of a voltaic conducting wire is 
similar to that of a wire leading from the ground to the prime con- 
ductor of an electrical machine, or which connects the inner and 
outer surface of a charged Leyden phial, except that the voltaic 
current moves slowly, owing to its lower tension and the interposed 
imperfect conductor. Some conceive that what is called an electric 
current is not an actual transfer of anything, but a process of induc- 
tion among the molecules of a conductor passing progressively 
along it. Others, denying independent materiality to electricity, 
may ascribe it to a wave of vibrating matter, just as the phenomena 
of optics are explained by the undulatory theory. But whatever 
theory of the nature of electricity may be adopted, it seems neces- 
sary, after the experiments of Faraday on the identity of voltaic and 
common electricity, that the nature of an electric and voltaic cur-* 
rent is essentially the same. 



Fig. 17. 
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INORGANIC CHEMISTRY. 



PRELIMINARY REMARKS. 



In teacliing a science such as chemistry, the details of which are 
numerous and complicated, it would be injudicious to follow the 
order of discovery, and proceed from individual &ct8 to the conchi- 
sions which have been deduced from them. An opposite couise is 
indispensable. It is necessary to discuss general principles in the 
first instance, in order to aid the beginner in remembering insulated 
&cts, and in comprehending the explanations connected with th^tn. 
The second part of this work will therefore commence with an ex- 
planation of the leading doctrines of the science. One inconveni- 
ence, indeed, arises from this method. It is often necessary, by 
way of illustration, to refer to fects of which the beginner is igno- 
rant ; and hence on some occasions more knowledge will be required 
for understanding a subject fully, than the reader may have at his 
command. But these instances will, it is hoped, be rarely met 
with ; and when they do occur, the reader is advised to quit the 
point of difficulty, and return to the study of it when he shall have 
acquired more extensive knowledge of the details. 

To the chemical history of each substance its chief physical cha- 
racters will be added. A knowledge of these properties is not only 
advantageous in assisting the chemist to distinguish one body from 
another, but in many instances it is applied to uses still more im- 
portant. The character called specific gravity^ the meaning of 
which was explained at page 73> is of so much importance that the 
mode of determining it will be mentioned in this place. The pro- 
cess consists in weighing a body carefully, and then determining 
the weight of an equal bulk of water, the latter being regarded as 
unity. If, for example, a portion of water weigh nine grains, and 
the same bulk of another body 20 grains, its sp. gr. is determined 
by this formula ; — as 9 : 20 : : 1 (assumed as the sp. gr. of water) 
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to the fourth proportional 2*3223; so that the sp. gr. of any substance 
is found by dividing its weight by the weight of an equal volume of 
water. It is easy to discover the weight of equal bulks of water 
and any other liquid by filling a small bottle of known weight 
with each successively, and weighing them.* The method of 
obtaining the necessary data in case of a solid is somewhat dif- 
ferent. The body is first weighed in air, is next suspended in 
water by means of a hair attached to the scale of the balance, and is 
then weighed again. The difference between the two weights gives 
tbe weight of a quantity of water equal to the bulk of the solid. 
This rule is founded on the hydrostatic law, that a solid body, im- 
mersed in any liquid, not only weighs less than it docs in air, but 
the difference corresponds exactly to the weight of liquid which it 
displaces ; and it is obvious that the liquid so displaced is exactly 
of the same dimensions as the solid. Another method is by the 
use of the bottle recommended for taking the sp. gr. of liquids. 
After weighing the bottle filled with water, a known weight of the 
solid is put into it, which of course displaces a quantity of water 
precisely equal to its own volume. The exact weight of the dis- 
placed water is found by weighing the bottle again, after its outer 
surface is made perfectly dry. 

The detennination of the sp. gr. of gaseous substances is an 
opeiation of much greater delicacy. From the extreme lightness 
of gases, it would be inconvenient to compare them with an equal 
bulk of water, and therefore atmospheric air is taken as the standard 
of comparison. The first step of the process is to ascertain the 
weight of a given volume of air. This is done by weighing a very 
light glass flask, furnished with a good stopcock, while full of air ; 
and then weighing it a second time, after the air has been with- 
drawn by means of the air-pump. The diflPerence between the 
two weights gives the information required. According to the ob- 
servation of Prout, 100 cubic inches of pure and dry atmospheric 
air, at the temperature of 60^ and when the barometer stands at 
80 inches, weigh 81 '01 17 grains. By a similar method the weight 
of any other gas may be determined, and its sp. gr. be inferred 
accordingly. For instance, suppose 100 cubic inches of oxygen 
gas are found to weigh 34*109 grains, its sp. gr. will be thus de- 
duced; as 31-0117: 84109 : : 1 (the sp.gr. of air): 1-1025, 
the sp.gr. of oxygen. 

* Bottles are prepared for this purpose by the philosophical instrament makers. 
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There are four circumstances to which particular attention must 
be paid in taking the specific gravity of gases : — 

1 . The gas should be perfectly pure, otherwise the result can- 
not be accurate. 

2. Due regard must be had to its hygrometric condition. If 
it is saturated with moisture, the necessary correction may be made 
by the formula of pagie 77 ; or it may be tried by the use of sub- 
stances which have a powerful attraction for moisture, such as chlo- 
ride of calcium, quicklime, or fused potassa. 

8. As the bulk of gaseous substances, owing to their elasticity 
and compressibility, is dependent on the pressure to which they 
are exposed, no two observations admit of comparison, unless 
made under the same elevation of the barometer. It is always 
understood, in taking the sp. gr. of a gas, that the barometer must 
stand at 80 inches, by which means the operator is certain th4 
each gas is subject to equal degrees of compression. An eleva- 
tion of thirty inches is called the standard height ; and if the 
mercurial column be not of that length at the time of performing 
the experiment, the error arising from this cause must be corrected 
by calculation. It has been established by experiment that the 
bulk of gases is inversely as the pressure to which they are subject. 
Thus, 100 measures of air, under the pressure of 30 inches of 
mercury, will dilate to 200 measures, if the pressure be diminished 
by one half; and will be compressed to 50 measures, when the 
pressure is double, or equal to a mercurial column of 60 inches. 
The correction for the eflPect of pressure may therefore be made by 
the rule of three, as will appear by an example. If a certain por- 
tion of gas occupy the space of 100 measures at 29 inches of the 
barometer, its bulk at 80 inches may be obtained by the following 
proportion ; as 80 : 29 : : 100 : 9 6- 66. 

It is understood that the temperature of the mercurial column is 
constant : if not so, correction must be made agreeably to the note 
at page 80. 

4. For a similar reason the temperature should always be the 
same. The standard or mean temperature is 60^ ; and if the gas 
be admitted into the weighing-flask when the thermometer is 
above or below that point, the formula of page 35 should be em- 
ployed for making the necessary correction. 

The first attempt to form a systematic chemical nomenclature was 
by Lavoisier, BerthoUet, Guy ton de Morveau, and Fourcroy, soon 
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.{iJ'ter the discovery of oxygen gas. To avoid an undue use of new 
terms, the known elements and tlic more familiar compound bodies 
frere allowed to retain the namea which usage had assigned to 
r-tfiem. The newly-discovered elements were named from some 
i*l|triking property. Thus, oxygen, from o|tif acid, and yemi* to 
ipenerate, was so called frona a belief that it Is the universal cause of 
acidity ; and the terra hydrogen, from uhaif water, and yews/f, 
Wbg applied to the inflammable clement of water. The compounds 
into which oxygen enters were termed acids or oxides, according as 
Utej do or do not possess acidity. The name of an acid was de- 
^^JBved from the substance acidified by the oxygen, to which was add- 
rpA the termination in ic. Thus, sulphuric and carbonic acids stg- 
jwfied compounds of sulphur and carbon with oxygen. Should aul- 
flur or any other body form two acids, the name of that containing 
_teBt oxygen was made to tenuinato in oua, as sulphurous acid. 
[.Tte termination in uret was applied to compounds of the simple 
'ibn-metallic substances with each other, with a metal, or with a 
Betallic oxide : thus, sulphuret and carburet of iron signify cora- 
fcunds of sulphur and carbon with iron. The general terra mlt 
6mprehended compounds of acids with alkaline bases, and the 
^mes of the salts were so contrived as to indicate the substances 

Bntained in thera. If the acid contain a maximum of oxygen, the 
me of the salt terminated in ale ; if a minimum, the termination 
ite was useil : thus, sulphate and phosphd'e of potassa are salts 
sulphuric and phosphoric acids ; while the terms sulphiVe and 
yliosphife of potassa denote salts of that alkaline with sulphur- 
IMu and phosphorous acids. 

■ These instances sufiice to exhibit the principles by which the 
Earners of the nomenclature were guided. Their object was to ap- 
ply similar names to similar things, and so to construct those names 
US to indicate the nature or composition of the bodies to which they 
were attached. The same views have been acted on by succeeding 
chemists, who with this intention have availed themselves of the 
laws of definite combination, The more essential parts of this 
method, as adopted in these elements, are the following: — The 
names of newly-diseovercd elements are selected from some obvious 
property : thus, chlorine and iodine were so called from their co- 
lour. The termination of a name is rendered similar to those of 
nearly allied substances: thus, iodine and fluorine received that 
termination from their analogy to chlorine ; the compounds of 
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chlorine, iodine, bromine, and fluorine, from their relations to oxy- 
gen, are termed chlorirfes, iodides, &c. ; and the compounds of 
selenium, cyanogen, and other similar inflammabies, are called sele- 
niure(«, cyanurefs, &c, from their analogy to sulphureta and pho- 
sphurets. The names of metals, except some, aa iron and tin, 
whose names have been sanctioned by usage, terminate in mm, aa 
potassium and titanium. The names of alkaline bases, when et-. 
pressed by one word, terminate in a, as potassa and morphia. 
When one substance forms with oxygen three or more acids, a 
Greek preposition is usually prefixed to indicate the relative quan- 
tity of oxygen : thus, kypoaitrous acid contains teas oxygen than 
the nitrous ; %;iemitroua would apply to an acid with more oxy- 
gen than the nitrous; and Aj/posulphun'c acid indicates an acid, 
with less oxygen than the sulphuric, and more than the sulphurous. 
Per is sometimes prefixed with the same intention as hyper : thuSj 
/lerchloric acid contains more oxygen than the chloric. Different! 
oxides of the same metal are distinguished by derivates from tho 
Greek or Latin. An oxide consisting of an eqiiivalent of eacl^r 
element is denoted either by the term oxide without any afliXn 
or by j)ro(oxide (trfwroc, first); the highest grade is the per^, 
oxide ; and the intermediate grades are distinguished by Latin nur, 
merals expressing the number of equivalents of oxygen combineii-. 
with one equivalent of the metal, such as, itwoiide, (eroxide, &0,t 
Sesquin, one and a half, is used to indicate the relation of 1 to l^^. 
or 2 to 3, as in the Sesquin oxide of iron or cobalt. The Greek numer.- 
rals rfis. Ins, tetrakis, are prefixed in like manner to denote oxides 
formed with one equivalent of oxygen, and two, three, or moifr 
equivalents of a metal. More complex ratios, such as Soz. ofai 
metal to +oz. of oxygen, arc denoted by a fraction, *, placed before. 
the name of the oxide, ., 

The same system is extended not merely to the union of elen 
menta generally with each other, but to compounds of a more com-f 
plex nature, such as the salts. To a salt formed of an equivalent 
of the acid and alkali, its generic name without other addition ig, 
applied ; but if two or more equivalents of the acid are attached 
to one oz. of the base, or two or more equivalents of the base to 
one oz. of the acid, a numeral is prefixed so as to indicate its com- 
position. The two salts of sulphuric acid and potassa arc called 
sulphate and iisulphate ; the first containing an oz. of the acid 
and alkali, and the latter one oz. of the alkali to two at 
the acid. The three salts of oxalic acid and potassa are term. 
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ed -the oxalate, &tnoxalate, aud ^teae^roxalate of potassa ; because 
one oz. of the alkali is united with one oz. of acid in the 
first salt^ wiUi two in the second, and with three in the third. 
In the chromate and e^ichromate of oxide of lead, one oz. of the 
acid is united with 1 oz. of oxide in the former, and with two in 
the l&tter. The term salt has of late received considerable ex- 
tension, being now applied to compounds analogous to common 
sidts in constitution, though not formed of an acid and alkali. 
The grounds on which this has been done, and the nomenclature 
inicoduced in consequence, are explained in the section of the 
salts. — In speaking of salts of metallic oxides, many chemists are 
in the practice, for the sake of brevity, of mentioning the name 
of the metals only. Thus, in the expressions sulphates of silver 
and It^tdf the oxide of silver, and oxide of lead, are to be understood. 
The present comprehensive sense in which the word sail is used 
b^ns to render this practice objectionable. 

The generic part of the name of a compound is usually formed 
from that ingredient which is considered the most highly electro- 
n^ative. Thus, to compounds of oxygen and chlorine, chlorine and 
iodine, iodine and sulphur, sulphur and potassium, in which the first 
of eaeh pair is the electro-negative element, the correct appellations 
axe teides of chlorine, chloride of iodine, iodide of sulphur, sul« 
phnret<xf potassium ; and not chloride of oxygen, iodide of chlorine, 
sulphuret of iodine, and potassiuret of sulphur. This practice is in- 
vatiaUy observed in this treatise. 

Convenient and philosophical as this nomenclature may at first 
appear, its principles are now felt to be far from coextensive with 
t^e science. It much needs extension and modification. To many 
of the complex compounds known to chemists it is impracticable 
to apply convenient names correctly expressive of their constitu- 
tion ; and this has led to the use of those symbolic characters which 
have become general among chemists, and which are essential to 
the present state of chemistry. The mode of employing such 
notation will be explained in the second section of this part. 
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SECTION L 



AFFINITY. 



All chemical phenomena are owing to Affinity or Cheimad 
Attraction. It is the basis on which the science of ichemistrj is 
founded. It is, as it were, the instrument which the ohemislem* 
ploys in all his operations, and hence it forms the first aadf leading 
object of hisr study. M/i. 'irntj 

Affinity is exerted between the minutest partkles ^of difoetait 
kinds of matter, causing them to combine so as to fimo new bodieiti 
endowed with new properties. It acts only at insensible diBtenceiB;; 
in other words, apparent contact, or the closest proximity, is neces- 
sary to its action. Everything which prevents such contiguity > is 
an obstacle to combination ; and any force which increases the dis^ 
tance between particles already combined, tends to sepaxftte. ih/sm 
permanently from each other. In the former case,- they ^loaot 
come within the sphere of their mutual attraction ; in the latter, 
they are removed out of it. It follows, therefore, thtoit ihough 
affinity is regarded as a specific power distinct &om the other Ibrdes 
which act on matter, its action may be promoted, modified^; or 
counteracted by them ; and consequently, in studying the [Aeri^ 
mena produced by affinity, it is necessary to inquire into the con- 
ditions that influence its operation. 

The most simple instance of the exercise of chemical attraction 
is afforded by the admixture of two substances. Water and sul- 
phuric acid, or water and alcohol, combine readily. On the con- 
trary, water shows little disposition to unite with ether, and still 
less with oil ; for, however intimately their particles may be mixed 
together, they are no sooner left at rest than the ether separates 
almost entirely from the water, and a total separation t^es place 
between that fluid and the oil. Sugar dissolves very siMuringly in 
alcohol, but to any extent in water ; while camphor is dissolved in 
a very small degree by water, and abundantly by alcohol. It 
appears, from these examples, that chemical attraction is ex^ed 
between different bodies with different degrees of force. There is 
sometimes no proof of its existence at all ; between some substances 
it acts very feebly, and between others with great energy. 
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Simple combination of two substances is a common occurrence ; 
of which the solution of salts in water, the combustion of phos- 
phorus in oxygen gas, and the neutralization of a pure alkali by 
an acid, are instances. But the phenomena are often more com- 
plex. The formation of a new compound is often attended by 
the destruction of a pre-existing one ; as when some third body 
iKts on a compound, for one element of which it has a greater af- 
finity than they have for one another. Thus, oil has an affinity 
for the volatile alkali, ammonia, and will imite with it, forming s 
soapy substance called s liniment. But the ammonia has a still 
greater attraction for sulphuric acid ; and hence, if the acid be 
added to the liniment, the alkali will quit the oil, and unite by pre- 
ference with the acid. If a solution of camphor in alcohol be 
pe>Hied into water, the camphor will be set free because the alcohol 
oomUnes with the water. Sulphuric acid, in like manner, separates 
baiyta from nitric acid. Combination and decomposition occur 
in each -of these cases ;— combination of sulphuric acid with am- 
BMnia, of water with alcohol, of baryta with sulphuric acid ; — de- 
OGOBiposition of the compounds formed of oil and ammonia, of alr- 
ccAol and camphor, of nitric acid and baryta. These are examples 
of what Bergmann called «tng/e elective q^ntty ;— elective, because 
a* substance manifests, as it were, a choice for one of two others, 
imiting with it by preference, and to the exclusion of the other. 
-M&Djfof the decompositions that occur in chemistry are instances 
of single elective affinity. 

The order in which these decompositions take place has been exr 
•pzcBsed in tables ; of which the following, drawn up by Geof&oy, 
ill an example : — 

Sulphuric acid. 

Baryta, 
Strontia, 
Potassa, 
Soda, 

■ ,.■ Lime, 

^ Ammonia, 

Magnesia, 

' This table signifies, first, that sulphuric acid has an affinity for 
the substances placed below the horizontal line, and may unite 
separately with each ; and, secondly, that the bases of the salts 
so formed will be separated from the acid by adding any of the 
alkalies or earths which stand above it in the column. Thus, am- 
monia will separate magnesia, lime ammonia, and potassa lime ; 
but none can withdraw baryta from sulphuric acid, nor can ammo- 
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nia or magnesia decompose sulphate of lime, though strontiaor 
baryta will do so. Bergmann conceived that these decompositioits 
are solely determined by chemical attraction, and that consequently 
the order of decomposition represents the comparative forces of 
affinity ; and this view, firom the simple and natural explanation 
it affords of the phenomenon, was for a time very generally adopt- 
ed. But Beigmann was in error. It does not necessarily follow, 
because lime separates ammonia from sulphuric acid, that the Ume 
has a greater attraction for the acid than the volatile alkali. 
Other causes are in operation which modify the action of affisiity 
to such a degree, that it is impossible to discover how mnck of 
the effect is owing to that power. It is conceivable that am- 
monia may in reality have a stronger attraction for sulphuric acid 
than lime, and yet that the latter, from the great influence of 
disturbing causes, may succeed in decomposing sulphate otrnxk- 
monia. 

The propriety of the foregoing remark will appear from the fol- 
lowing example : — When a stream of hydrogen gas is passed over 
oxide of iron heated to redness, the oxide is reduced to the me- 
tallic state, and water is generated. On the contrary, when watery 
vapour is brought into contact with red-hot metallic iron, the oxy- 
gen of the water quits the hydrogen and combines with the iron. 
It follows from the result of the first experiment, acccnrding to 
Bergmann, that hydrogen has a stronger attraction than iron for 
oxygen ; and from that of the second, that iron has a greater af- 
finity for oxygen than hydrogen. But these inferences are incom- 
patible with eaxjh other. The affinity of oxygen for the two ele- 
ments, hydrogen and iron, must either , be equal or unequaL If 
equal, the result of both experiments was determined by modify- 
ing circumstances ; since neither of these substances ought on this 
supposition to take oxygen from the other. But if the forces are 
unequal, the decomposition in one of the experiments must have 
been determined by extraneous causes, in direct opposition to the 
tendency of affinity. 

The fallacy of Bergmann''s opinion was detected by Berthdlet. 
He first showed that the relative forces of chemical attraction can- 
not always be determined by observing the order in which sub- 
stances separate each other when in combination, and that the 
tables of Geoffi:oy are merely tables of decomposition, not of af- 
finity. He likewise traced all the various circumstances that 
modify the action of affinity, and gave a consistent explanation of 
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the mode in which they operate. BerthoUet went even s step 
farther. He denied the existence of elective affinity as an invari- 
able force, capable of effecting the perfect separation of one body from 
another, and maintained that all the instances of complete decom- 
position attributed to elective affinity are in reality determined by 
one or more of the collateral circumstances that influence its opera- 
tion. But here this acute philosopher went too &r. Bergmann 
ened in suj^osing the result of chemical action to be in every case 
owing to elective affinity ; but Berthollet ran into the opposite 
ertreme in dedaring that the effects formerly ascribed to that 
power are never produced by it. That chemical attraction is ex- 
erted between bodies with different degrees of energy, is, I appre- 
hend, indisputable. Water has a much greater affinity for hydro- 
chloric acid and ammoniacal gases than carbonic and hydrosulphuric 
acids, and for these than for oxygen and hydrogen. The attraction 
of lead for oxygen is greater than that of silver for the same sub- 
stance. The disposition of gold and silver to combine with mer- 
cury is greater than the attraction of platinum and iron for that 
fluid. As these differences cannot be accounted for by the opera- 
tion of any modifying causes, we must admit a difference in the 
force of affinity in producing combination. It is equally clear that 
in s<mie instances the separation of bodies from one another can 
only be explained on the same principle. No one, I conceive, 
will contend that the decomposition of hydriodic acid by chlorine, 
or of hydrosulphuric acid by iodine, is determined by the concur- 
rence of any modifying circumstances* 

Affinity is the cause of changes still more complicated than those 
which have just been considered. In a case of single elective 
affinity, three substances only are present, and two affinities are in 
play. But it frequently happens that two compounds are mixed 
together, and four different affinities brought into action. The 
changes that may or do occur under these circumstances may be 
studied by aid of a diagram. Thus, in mixing together a solu- 
tion of carbonate of ammonia and nitrate of lime, their mutual 
action may be represented in the following manner : 

Carbonic acid Ammonia 



Nitric acid Lime. 



SOO AjFPlKIT¥. 

- Each of the adds has an attraction for both bases, and hence, it 
is possible either that the two salts should continue as the j iwer&,.or 
that an interchange of principles should ensue, giving rise to two 
new compounds,— -carbonate of lime and nitrate of ammonia. . Ac^ 
cording to the views of Beigmann, the result is solely dependant 
on the comparative strength of affinities. If the affinity of car- 
bonic acid for ammonia, and of nitric add for limey exceed that .of 
carbonic add for lime, added to that of nitric add for ammopifl, 
then will the two salts experience no change whatever ; but if the 
letter affinities preponderate, then, as does actually happen ia 
the present example, both the original salts wQl be decomposed^ 
and two new ones generated. Two decompositions and two com- 
binations take place, being an instance of what is called double elec* 
tive affinity, Kirwan applied the terms quiescerU and dwetieai da 
denote the tendency of the opposing affinitie8,--«*the action of th^ 
former being to prevent a change, the latter to produce it. 

The doctrine of double elective affinity was assailed by Ber- 
thoUet on the same ground and with the same success as in the 
case of single elective attraction. He succeeded in proving. that 
the effect cannot always be ascribed to the sole influence of :ai6Ssiity. 
For, to take the example already adduced, if carbonate of ammonia 
decompose nitrate of lime by the mere force of a superior attrac- 
tion, it is manifest that carbonate of lime ought never to decom- 
pose nitrate of ammonia. But if these two salts are mixed m a 
dry state and exposed to heat, double decomposition does take 
place, carbonate of ammonia and nitrate of lime being formed ; 
and therefore, if the change in the first example was produced by 
chemical attraction alone, that in the second must have occurred in 
direct opposition to that power. It does not follow, however, be- 
cause the result is sometimes determined by modifying conditions, 
that it must always be so. I apprehend that the decomposition 
of the solid cyanuret of mercury by hydrosulphuric acid gas, which 
takes place even at a low temperature, cannot be ascribed to any 
other cause than a preponderance of the divellent over the quies- 
cent affinities. 

ON THE CHANGES THAT ACCOMPANY CHEMICAL ACTION. 

The leading circumstance that characterises chemical action is 
the loss of properties experienced by the combining substances, 



Had the acquisition of new ones by the product of tbeir conibinti- 
lion. The change of property ia sometimca inconsiderable. In u 
Mllntion of sugar or salt in water, and in miMnrea of water witli 
skrohol or sulphuric add, the compound retains so much of the 
Aaracter of its constituents, that there is no difficulty in recognis- 
iilg thcii presence. But more generally the properties of one or 
Iboth of the combining bodies disappear entirely. One would not 
suppose from its appearance that water is a compound body^ much 
less that it is composed of two gases, oxygen and hydrogen, neither 
df which, when uncombined, has ever been compressed into a liquid. 
Hydrogen is one of the most inflammable substances in natm*, and 
yet water cannot be set on fire ; oxygen, on the contrary, enables 
bodies to burn with great brilliancy, and yet water extinguishes 
combustion. The alkalies and earths were regarded as simple till 
Davy proved them to be compound ; and certainly they evince no 
rign whatever of containing oxvgen and a metal. Numerous ex- 
amples of a similar kind are afforded by the mutual action of acids 
■nd alkalies, Sulphuric acid and potassa, for example, arc highly 
teustic. The former is intensely sour, reddens the blue colour of 
vegetables, and has a strong affinity for alkaline substances ; the 
latter has a pungent taste, converts the blue colour of vegetables 
to green, and combines readily with aeids. On adding these prin- 
ciples cautiously to each other, a compound results called a iiew- 
tral salt, which does not in any way affect the colouring matter of 
pknts, and in which the other distinguishing features of the acid 
Uld alkali can no longer be perceived. They appear to have de- 
stroyed the properties of each other, and are honce said to nrutra- 
Hxe one another. 

■ The other phenomena that accompany chemical action are 
dianges of density, temperature, form, and colour. 

1. It is observed that two bodies rarely occupy, after combi- 
nation, the same space which they possessed separately. In gene- 
ral their bulk is diminished, so that the sp. gr. of the new body is 
greater than the mean of its components. Thus a mixture of 100 
measures of water and an equal quantity of sulphuric acid does 
not occupy the space of 200 measures, but considerably less. A 
similar contraction frequently attends the combination of solids. 
Gases often experience a remarkable condensation when they unite. 
The elements of olefiant gas, for instance, would expand to four 
times the bulk of that compound, if they were suddenly to become 
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free, and assume the gaseous form. But the rule is not without 
exception. The reverse happens in some metallic compounds; 
and there are examples of combination between gases without any 
change of bulk. 

2. A change of temperature genemlly accompanies chemical 
action. Heat is evolved either when there is a diminution in 
the bulk of the combining substances without change of fon», or 
when a gas is condensed into a liquid, or a liquid becomes solid. 
The heat caused by mixing sulphuric acid with water is an instance 
of the former ; and the common process of slaking lime, during 
which water loses its liquid form in combining with that earth, is 
an example of the latter. The rise of temperature in these cases 
is obviously referable to diminished sp. heat in the new com- 
pound ; but intense heat sometimes accompanies chemical action 
under circumstances in which an explanation founded on a change 
of sp. heat is inadmissible. At present it is enough to have 
stated the fact ; its theory will be discussed under the subject of 
combustion. The production of cold seldom or never takes place 
during combination, except when heat is rendered insensible by the 
conversion of a solid into a liquid, or a liquid into a gas. All the 
frigorific mixtures act in this way. 

3. The changes of form that attend chemical action are ex- 
ceedingly various. The combination of gases may give rise to 
a liquid or a solid ; solids sometimes become liquid, and liquids 
solid. Several familiar chemical phenomena, such as detonation, 
effervescence, and precipitation, are owing to these changes. The 
sudden evolution of a large quantity of gaseous matter causes an 
explosion, as when gunpowder detonates. The slower disengage- 
ment of gas produces effervescence, as when marble is put into 
hydrochloric acid. A precipitate is owing to the formation of a 
new body which happens to be insoluble in the liquid in which its 
elements were dissolved. 

4. Chemical action is frequently attended by change of colour. 
No unifom relation has been traced between the colour of a com- 
pound and that of its elements. Iodine, whose vapour is of a 
violet hue, forms a beautiful red compound with mercury, and a 
yellow one with lead. The brown oxide of copper generally 
gives rise to green and blue coloured salts ; while the salts of 
the oxide of lead, which is itself yellow, are for the most part 
colourless. The colour of precipitates is a very important 
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stady, as it supplies a chaiacter by which most substances may be 
distinguished. 

ON THE CIRCUMSTANCES THAT MODIFY AND INFLUENCE 

THE OPERATION OF AFFINITY. 

Of the conditions which are capable of promoting or counter- 
acting the tendency of chemical attraction, the following are the 
most important : cohesion, elasticity, quantity of matter, gravity, 
and contact with other bodies. To these may be added the agency 
of the imponderables. 

CoAmoJi.— The first obvious effect of cohesion is to oppose af- 
finity, by impeding or preventing that mutual penetration and 
close proximity of the particles of different bodies, which is essen- 
tial to the successful exercise of their attraction. Bodies sel- 
dom act chemically in their solid state ; their molecules do not 
«ome within the sphere of attraction, and therefore combination 
cannot take place, although their affinity may in fact be consider- 
able* Liquidity, on the contrary, favours chemical action ; it per- 
mits the closest possible approximation, while the cohesive power 
is comparatively so trifling as to oppose no appreciable barrier to 
affinity. 

Cohesion may be diminished in two ways, — by mechanical 
division, or by the application of heat. The former aids by in- 
creasing the extent of surface ; but it is not of itself in general 
sufficient, because the particles, however minute, still retain that 
degree of cohesion which constitutes solidity. Heat acts with 
greater effect, and never fails in promoting combination, whenever 
the cohesive power is a barrier to it. Its intensity should always 
be so regulated as to produce liquefaction. The fluidity of one of 
the substances frequently suffices for effecting chemical union, as 
is proved by the facility with which water dissolves many salts and 
other solid bodies. But the cohesive force is still in operation ; 
for a solid is conmionly dissolved in greater quantity when its co- 
hesion is diminished by heat. The reduction of both substances 
to the liquid state is the best method for ensuring chemical action. 
The slight degree of cohesion possessed by liquids does not ap- 
pear to cause any impediment to combination ; for they commonly 
act as energetically on each other at low temperatures, or at a tem- 
perature just sufficient to cause perfect liquefaction, as when their 
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cohesive power is still further diminished. It seems fair to lAfer^ 
therefore, that very little, if any, affinity exists between tWo 
bodies which do not combine wh6n they are intimately mixed in' a 
liquid state. 

The phenomena of crystallization are owing to the ascendebicy 
of cohesion over affinity. When a large quantity of salt hete b^ 
dissolved in water by the aid of heat, part of the saline Inattet 
generally separates as the solution cools, because the cohesive powei^ 
of the salt then becomes comparatively too powerful for chemical 
attraction. Its particles begin to cohere together, and are deposit^ 
ed in crystals, the process of crystallization continuing till it is 
arreted by the affinity of the liquid. A similar change hlKp^ens 
when a solution made in the cold is gradually evaporated. The 
cohesion of the saline particles is no longer coimteract^ by 
the affinity of the liquid, and the salt therefore assumes the 
solid form. 

Cohesion plays a still more important part. It sometindes de^ 
termines the result of chemical action, probably even in opposition 
to affinity. Thus, on mixing together a solution bf tw6 acids and 
oile alkali, of which two salts may be formed, one sduble did thte 
other insoluble, the alkali will unite with that acid with ^hidi 
it fonns the insoluble compound, to the tot^ exclui^ii of the 
dther. This is one of the modifying circumstancai emplo^^tJdbjr 
feferthollet to account for the phenomena of single "elhcH^d 
sttt^action, and is certainly applicable to many of the instancito to 
be found ih the tables of affinity. When, for example, hydrocWb- 
ric acid, sulphuric acid, and baryta are mixed together, sulphate of 
bdryta is formed in consequence of its insolubility. Lime, vrikch 
fields an insoluble salt with carbonic acid, separates that atSd 
&om ammonia, potassa, and soda, with all of which it makes sohl-' 
He compounds. 

• A similar explanation maybe given of many cases of double 
elective attraction. On mixing together in solution fbtir sub- 
stances, A, B, c, D, of which it is possible to form fonr corn- 
founds, ab and cd, or AC and bd, that compound will certainly 
be produced which happens to be insoluble. Thus, sulphuric 
acid, soda, nitric acid, and baryta may give rise either to sul- 
phate of soda and nitrate of baryta, or to sulphate of baryta atid 
nitrate of soda ; but the first two salts cannot exist together in 
the same liquid, because the insoluble sulphate of baryta is instantly 
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generatei), aud its formation necessarily causca tlie nitric acid to 
ponibine with the soda. In like manner, a solution of nitrate of 
Jimc is decomposed by carbonate of ammooia, in consequence of 
the insolubility of carbonate of lime. 

, To comprehend the manner in which cohesion acts in these in- 
Btancea, it is necessary to consider what takes place when in the 
^mc liquid two or more compounds are brought together, which 
^p not give rise to an insoluble substance. Thus, on mixing solu- 
(^nsofsulphateofpotassaand nitrate of soda, no precipitate ensues; 
because the salts capable of being formed by double dccoropoei- 
Jjon, sulphate of soda and nitrate of potassa, are likewise soluble. 
Ja this case it is possible either that each acid may be confined to 
sue base, so as to constitute two neutral salts i or tltat each acid 
^ay bo divided between both bases, yielding four neutral salts. 
|t is difficult to decide this point in an unequivocal manner: but, 
judging from many chemical phenomena, there can, T apprehend, 
be no doubt that the arrangement last mentioned is the most fre- 
quent, and is probably universal whenever the relative forces of 
~nity are not very unequal. When two acids and two bases 
ipcet together in neutrabzing proportion, it may therefore be in- 
ferred, that each actd unites with both the buses in a manner regu- 
lated by their respective forces of affinity, and tliat four salts arc 
contained in solution. In like manner, the presence of three acids 
Rnd three bases will give rise to nine salts ; and when four of each 
9je present, sixteen salts will be produced. This view aflfords the 
most plausible theory of the constitution of mineral waters, and of 
the products which they yield by evaporation. 

The influence of insolubility in determining the result of che- 
mical action may be readily explained on this principle. If nitric 
Acid, sulphuric acid, and baryta are mixed together in solution, the 
base may be conceived to be at first divided between the two acids, 
and nitrate and sulphate of baryta to be generated. The latter, 
being insoluble, is instantly removed beyond the influence of the 
Hitric acid, so that for an instant nitrate of baryta and free sulphu- 
ric acid remain in the liquid : but as the base left in solution is 
again divided between the two acids, a fresh quantity of the inso- 
luble sulphate is generated ; and tlus process of partition continues, 
until either the baryta or the sulphuric acid is withdrawn from the 
solution. Similar changes ensue when nitrate of baryta and sul- 
phate of soda are mixed. 
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The separation of salts hj crystallization from mmeral waters 
or other saline mixtures is explicable by a similar mode of reason- 
ing. Thus, on mixing nitrate of potassa and sulphate of doda, 
four salts, according to this view, are generated,*— namely, the sul- 
phates of soda and potassa, and the nitrates of those bases ; aAd 
if the solution be allowed to evaporate gradually, a pmnt at length 
arrives when the least soluble of these salts, the sulphate of potasM, 
will be disposed to crystallize. As soon as some of its crystds 
are deposited, and thus withdrawn from the influence of the 
other salts, the constituents of these undergo a new aningement,- 
whereby an additional quantity of sulphate of potadsa id-^enc^ 
rated; and this process continues until the greater part of theiitd- 
phuric acid and potassa has combined, and the Compound id re- 
moved by crystallization. If the difl^nce in solubility is con- 
siderable, the separation of salts may be often rendered very com- 
plete by this method. 

The efflorescence of a salt is sometimes attended with a sttnilar 
result. If carbonate of soda and chloride of ealcintt are mii^led 
together in solution, the insoluble carbonate of lime subsides. But 
if carbonate of lime and sea-salt are mixed in the solid* state, and 
a certain degree of moisture is present, carbonate of sodaanid dhib-' 
ride of calcium are slowly generated; and since the fermei', '^ 
soon as it is formed, separates itself from the mixture by efflo-- 
rescence, its production continues progressively. The effloresbeilce 
of carbonate of soda, which is sometimes seen on old wiills, Or 
which in some coantries is found on the soil, appears to hinve 
originated in this manner. 

Elasticity, — From the obstacle which cohesion puts in the way 
of affinity, the gaseous state, in which the cohesive power is wholly 
wanting, might be expected to be peculiarly &vourab1e to ch^nical 
action. The reverse, however, is the feet. Bodies evince little 
disposition to unite when presented to each other in the elastic 
form. Combination does indeed sometimes take place, in conse- 
quence of a very energetic attraction ; but examples of an opposite 
kind are much more common. Oxygen and hydrogen gases, and 
chlorine and hydrogen, though their mutual affinity is very power- 
ful, may be preserved together for any length of time without com- 
bining. This, want of action seems to arise from the distance 
between the particles preventing that close approximation which is 
so necessary to the successful exercise of affinity. Hence many 
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L gases cannot be made to unite directly, wliidi ncvertlicleas combine 
readily wliile in their itascent state ; that is, while in the act of 
oesaming the gaseous form by the decompoeitioa of some of theii 

[ Eulid or fluid combinations. 

Elasticity operatea likewise as a decomposing agent. If two 
gnsea, the reciprocal attraction of which is feeble, suffer consider- 
able condensation when they unite, the compound will be decom- 
posed by very slight causes. Chloride of nitrogen, which is an 
oil-like liquid, composed of tlie two gases chlorine and nitrogen, 
affords an apt illustration of this principle, being distinguished for 
its remarkable facility of decomposition. Slight eleyation of tem- 
perature, by increasing the nalujal elasticity of the two gases, or 
contact of substances which have an affinity for either of them, 
produces immediate explosion. 

Many familiar phenomena of decomposition are owing to elas- 
ticity. All compounds that contain a volatile and a fixed princi- 
ple are liable to be decomposed by a high temperature. The ex- 
pansion occasioned by heat removes the elements of the compound 
to a greater distance ftom each otJier, and thus, by diminishing the 
force of chemical attraction, favours the tendency of the volatile 
principle to assume the form wTiich is natural to it. The eva- 
poration of water from a solution of salt is an instance of this 
kind. 

Many solid substances which contain water in a state of inti- 
mate combination port with it in a strong heat, in consequence 
of the volatile nature of that liquid. The separation of oxygen 
from some metals, by heat alone, ia explicable on the same 
principle. 

From these and some preceding remarks, it appears that the in- 
fluence of heat over affinity is variable ; for at one time it pro- 
motes chemical union, and opposes it at another. Its action, 
however, is always consistent. \VTienever the cohesive power is 
an obstacle to combination, heat fevours affinity either by dimi- 
nishbg the cohesion of a solid, or by converting it into a liquid. 
As the cause of the gaseous state, on the contrary, it keeps at a 
distance particles Xthich would otherwise unite; or, by producing 
expansion, it tends to separate from one another substances which 
are already combined. There is one effect of heat which seems 
somewhat anomalous ; namely, the combination which ensues in 
losive mixtures on the approach of flame. The expla- 
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nation given by Bertliollet is probably correct, — that the sudUen 
dilatation of tlie gnsea in the immediate vicinity of the flame acti 
as a violent compressing power to the contiguous portioiu, and 
thus brings them within the sphere of their attraction. 

Some of the decompositions, which were attributed by Ber|f- 
mann to the sole influence of elective affinity, may be ascribed to 
elasticity. If three substances are mixed together, two of which 
can form a compound which is less volatile than the third, the last 
will, in general, be completely driven off by the application of 
heat. The decomposition of the salts of ammonia by the pure 
allialies or alkaline earths may be adduced as an example ; and, for 
a like reason, all the carbonates are decouipofled by nitric acid, and 
all the nitrates by sulphuric acid. This explanation applies equally 
well to some cases of double decomposition. It explains, for 
stance, why dry carbonate of lime will decompose nitrate of am- 
monia by the aid of heat; for carbonate of ammonia is more vola- 
tile than the nitrate either of ammonia or lime. 

The influence of ehisticity in determining the result of chemical 
action in these instances seems owing to the same cause which 
enables insolubility to be productive of similar effects. Thus, on 
mixing nitrate of ammonia with lime, the acid is divided between 
the two bases ; some ammonia becomes free, which, in coi 
qucnce of its elasticity, is entirely expelled by a gentle heat. 
The acid of the remaining nitrate of ammonia is again divided 
between the two bases ; and if a sufficient quantity of lime is pre- 
sent, the nmmoniacal salt will be completely decomposed. In like 
manner, the decomposition of potnssa naay be effected by iron, 
though the affinity of this metal for oxygen seems much inferior 
to that of potassium for oxygen. If potassa in the fused state be 
brought in contact with metallic iron at a white heat, the oxyge.n 
is divided between the two metals, and a portion of potassium act 
at liberty. But as potassium is volatile at a white heat, it is ex- 
pelled at the instant of reduction ; and thus, by its influence being 
withdrawn, an opportunity is given for the decomposition of an 
additional quantity of potassa. 

Quantity of Matter. — The influence of quantity of matter o 
affinity is universally admitted. If one body, a, unites with an- 
other, B, in several proportions, that compound will he most difficult 
of decomposition which contains the smallest quantity of b. Of 
the three oxides of lead, for instance, the peroxide parts moat 
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easily with its oxygen by the action of heat ; a higher temperature 
IS required to decompose the red oxide ; and the protoxide will 
bear the strongest heat of our furnaces without losing a particle 
of its oxygen. 

The influence of quantity over chemical attraction may be fur- 
ther illustrated by the phenomena of solution. When equal 
weights of a soluble salt are added in succession to a given quan- 
tity of water, which is capable of dissolving almost the whole of 
the salt employed, the first portion of the salt will disappear more 
readily than the second, the second than the third, the third than 
the fourth, and so on. The affinity of the water for the saline 
substance diminishes with each addition, till at last it is so weak- 
ened as to be unable to overcome the cohesion of the salt. The 
process then ceases, and a saturated solution results. 

Quantity of matter is employed advantageously in many che- 
mical operations. If a chemist wishes to displace a metallic oxide 
from an acid by the superior affinity of potassa for the latter, he 
frequently uses rather more of the alkali than is sufficient for 
neutralizing the acid. He employs an access of the alkali, in order 
the more effectually to bring every particle of the substance to be 
decomposed in contact with the decomposing agent. 

But BerthoUet has attributed much greater influence to quantity 
of matter. It was the basis of his doctrine, developed in the Sta- 
tique ChimiquCy that bodies cannot be wholly separated from each 
other by the affinity of a third substance for one element of a com- 
pound ; and to explain why a superior chemical attraction does not 
produce the effect which might be expected from it, he contended 
that quantity of matter compensates for a weaker affinity. From 
the co-operation of several disturbing causes, BerthoUet perceived 
that the force of affinity cannot be estimated with certainty by 
observing the order of decomposition ; and he therefore had re- 
course to another method. He supposed the affinity of different 
acids for the same alkali to be in the inverse ratio of the ponder- 
able quantity of each which is necessary for neutralizing equal 
quantities of the alkali. Thus, if two parts of one acid, a, and one 
part of another acid, b, are required to neutralize equal quantities 
of the alkali, c, it was inferred that the affinity of b for c was twice 
as great as that of a. He conceived, further, that as two parts of a 
produce the same neutralizing effect as one part of b, the attraction 
exerted by any alkali towards two parts of a ought to be precisely the 

p 
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same as for the one part of b ; and he hence concluded that there is no 
reason why the alkali should prefer the small quantity of one to the 
large quantity of the other. On this he founded the principle that 
quantity of matter compensates for force of attraction. 

BerthoUet has here obviously confounded two things, namely, 
force of attraction and neutralizing power, which are really distinct. 
The relative weights of hydrochloric and sulphuric acids required 
to neutralize an equal quantity of any alkali, or, in other words, 
their capacities of saturation, are as 86*4 to 40, a ratio which re- 
mains constant with respect to all other alkalies. The affinity of 
these acids, according to Berthollet''s rule, will be expressed by the 
same numbers. But in taking this estimate, we have to make 
three assumptions, each of which is disputable. There is no proof 
in the first place, that hydrochloric acid has a greater affinity for 
an alkali, such as potassa, than sulphuric acid. Such an inference 
would be directly opposed to the general opinion founded on the 
order of decomposition ; and though that order, as we have shown, 
is by no means a satisfactory test of the strength of affinity, it 
would be improper to adopt an opposite conclusion without having 
good reasons for so doing. Secondly, were it established that hy- 
drochloric acid has the greater affinity, it does not follow that the 
attraction of those acids for potassa is in the ratio of 36*4 to 40. 
And, thirdly, supposing this point settled, it is very improbable 
that the ratio of their affinities for one alkali will apply to all 
others ; analogy would lead us to anticipate the reverse. Inde- 
pendently of these objections, Dulong has found that the principle 
of BerthoUet is not in accord with the results of experiment. 

Gravity. — The influence of gravity is perceptible when it is 
wished to make two substances unite, the densities of which are 
diflferent. In a case of simple solution, a larger quantity of saline 
matter is found at the bottom than at the top of the liquid, unless 
the solution shall have been well mixed subsequently to its forma- 
tion. In making an alloy of two metals which diflfer in density, a 
larger quantity of the heavier metal will be found at the lower than 
in the upper part of the compound, unless great care be taken to 
counteract the tendency of gravity by agitation. This force obvi- 
ously acts, like the cohesive power, in preventing a sufficient de- 
gree of approximation. 

Contact with other bodies. — The influence of contact of different 
substances in modifying affinity is observable either in the in- 
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creased or dimlnislied energy of chemical action. The former is 
always the result of a galvanic current, and has been treated of 
elsewhere : the latter is produced by the interposition of an indiffer- 
ent body by which others are removed out of the sphere of their 
mutual actioii. Thus, on immersing a fragment of pure zinc into 
dilate sulphuric acid the chemical action is no sooner commenced 
than it is checked by the hydrogen which is liberated; this is 
effected by the minute globules of the gas collecting upon the sur- 
face of the zinc, and adhering firmly to it, preventing the zinc and 
dilute acid from coming into that close contact, which is essential 
to chemical action. Some means must therefore be used to re- 
move this intervening film of hydrogen, if a continuous action be 
desired : this is effected when the common zinc of commerce is used 
by the minute potions of other metals present in it as impurities, 
by- which small but numerous galvanic currents are excited, and by 
their action the hydrogen is collected and makes its escape as 
globules of gas. 

Imponderables, — The influence which heat exerts over chemical 
phenomena, and the modes in which it operates, have been already 
discussed. The chemical agency of galvanism has also been 
described. The effects of light will be most conveniently stated 
in other parts of the work. Electricity is frequently employed to 
produce the combination of gases with one another, and in some 
instances to separate them. It appears to act by the heat which 
it occasions, and therefore on the same principle as flame. 

On the measure of affinity, — As the foregoing observations prove 
that the order of decomposition is not always a satisfactory mea- 
sure of affinity, it becomes a question whether there are any means 
of determining the comparative forces of chemical attraction. 
When no disturbing causes operate, the phenomena of decomposi- 
tion afford a sure criterion ; but when the conclusions obtained in 
this way are doubtful, assistance may be frequently derived from 
other sources. The surest indications are procured by observing 
the tendency of different substances to unite with the same body 
under the same circumstances, and subsequently marking the com- 
parative facility of decomposition when the compounds so formed 
are exposed to the same decomposing agent. Thus, on exposing 
silver, lead, and iron, to air and moisture, the iron soon rusts, the 
lead is oxidized in a slight degree only, and the silver resists oxi- 
dation altogether. Iron is hence inferred to have the greatest 

p 2 
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aiBnity for oxygen, lead next, and silver the least. This conclu- 
sion is supported by concurring observations of a like nature, and 
confirmed by the circumstances under which the oxides of those 
metals part with their oxygen. Oxide of silver is reduced by 
heat only ; and oxide of lead is decomposed by charcoal at a lower 
temperature than oxide of iron. 

It is inferred from the action of heat on the carbonate of potassa, 
baryta, lime, and oxide of lead, that potassa has A stronger attrac- 
tion for carbonic acid than baryta, baryta than lime, and lime than 
oxide of lead. The affinity of different substances for water may 
be determined in a similar manner. 

Of all chemical substances, our knowledge of the relative degrees 
of attraction of acids and alkalies for each other is the most un- 
certain. Their mutual action is affected by so many circumstances, 
that it is in most cases impossible, with certainty, to refer any 
effect to its real cause. The only methods that have been hitherto 
devised for remedying this defect are those of Berthollet and Kir- 
wan. Both are founded on the capacities of saturation, and the 
objections which have been urged to the rule suggested by the 
former philosopher apply equally to that proposed by the latter. 
But this uncertainty is of no great consequence in practice. We 
know perfectly the order of decomposition, whatever may be the 
actual forces by which it is effected. 



SECTION 11. 

ON THE PROPORTIONS IN WHICH BODIES UNITE, AND 
ON THE LAWS OF COMBINATION. 

The study of the proportions in which bodies unite naturally 
resolves itself into two parts. The first includes compounds whose 
elements appear to unite in a great many proportions ; the second 
comprehends those, the elements of which combine in a few pro- 
portions only. 

I. The compounds contained in the first division are of two 
kinds. In one, combination takes place unlimitedly in all pro- 
portions ; in the other, it occurs in every proportion withfai a 
certain limit. The union of water with alcohol and the liquid acids, 
such as the sulphuric, hydrochloric, and nitric, affords instances of 
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the first mode of combination ; tlie solutions of salts in wat^ are 
examples of the second. One drop of sulphuric acid may be dif- 
fused through a gallon of water, or a drop of water through a gal- 
lon of the acid ; or they may be mixed together in any intermediate 
proportions ; and nevertheless in each case they appear to unite 
perfectly with each other. A hundred grains of water, on the 
contrary, will dissolve any quantity of sea-salt which does not 
exceed forty grains. Its solvent power then ceases, because the 
cohesion of the solid becomes comparatively too powerful for the 
force of affinity. The limit to combination is in such instances 
owing to the cohesive power ; and but for the obstacle which it 
occasions, the salt would most probably imite with water in every 
proportion. 

All substances that unite in many proportions, give rise to com- 
pounds which have this common character, that their elements are 
united by a feeble affinity, and preserve, when combined, more or 
less of the properties which they possess in a separate state. In a 
scientific point of view, these combinations are of a minor import- 
ance ; but they are exceedingly useful as instruments of research. 
They enable the chemist to present bodies to each other, under 
circumstances peculiarly favourable for acting with effect : the 
liquid form is thus communicated to them ; while the affinity of the 
solvent or menstruum, which holds them in solution, is not suffi- 
ciently powerful to interfere with their mutual attraction. 

II. The most interesting series of compounds is produced by 
substances which unite in a few proportions only ; and which, in 
combining, lose more or less completely the properties that dis- 
tinguished them when separate. Of these bodies, some form but 
one combination. Thus there is only one compound of boron 
and oxygen, and of chlorine and hydrogen. Others combine in 
two proportions. For example, two compounds are formed by 
tin and oxygen, and by hydrogen and oxygen. Other bodies again 
unite in three, four, five, or even six proportions, which is the 
greatest number of compounds that any two substances are known 
to produce, except perhaps carbon and hydrogen, and those which 
belong to the first division. 

The combination of substances that unite in a few proportions 
only, is regulated by the three following remarkable laws : — 

1. The First of these Laws is, that the composition of bodies 
is fixed and invariabk. A compound substance, so long as it 
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retains its characteristic properties, always consists of the same 
elements united together in the same proportion. Sulphuric acid, 
for example, is always composed of sulphur and oxygen in the 
ratio of 16 parts of the former to 24 of the latter : no other ele- 
ments can form it, nor can it be produced by its own elements 
in any other proportion. Water, in like manner, is formed of 
1 part of hydrogen and 8 of oxygen ; and were these elements 
to unite in any other ratio, some new compound, different from 
water, would be the product. The same observation applies to 
all other substances, however complicated, and at whatever 
period they were produced. Thus sulphate of baryta, whether 
formed ages ago by the hand of nature, or quite recently by the 
operations of the chemist, is always composed of 40 parts of sul- 
phuric acid and 76*7 of baryta. This law, in fact, is universal 
and permanent. Its importance is equally manifest : it is the 
essential basis of chemistry, without which the science itself could 
have no existence. 

Two views have been proposed by way of accounting for this 
law. The explanation now universally given is confined to a mere 
statement, that substances are disposed to combine in those pro- 
portions to which they are so strictly limited, in preference to any 
others ; it is regarded as an ultimate fact, because the phenomena 
are explicable on no other known principle. A different doctrine 
was advanced by BerthoUet, in his Statique Chimique, published 
in 1803. Having observed the influence of cohesion and elasticity 
in modifying the action of affinity as already described, he thought 
he could trace the operations of the same causes in producing the 
effect at present under consideration. As the solubility of a salt 
and of a gas in water is limited, in the former by cohesion, in the 
latter by elasticity, he conceived that the same forces would ac- 
count for the unchangeable composition of certain compounds. 
He maintained that within certain limits bodies have a tendency to 
unite in every proportion ; and that combination is never definite 
and invariable, except when rendered so by the operation of modi- 
fying causes, such as cohesion, insolubility, elasticity, quantity of 
matter, and the like. Thus, according to BerthoUet, sulphate of 
baryta is composed of 40 parts of sulphuric acid and 76*7 of baryta, 
not because those substances are disposed to unite in that ratio 
rather than in another, but because the compound so constituted 
happens to have great cohesive power. 
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These opinions were ably and successfully combated by Proust 
in several papers published in the Journal de Physique, wherein 
he proved that the metals are disposed to combine with oxygen and 
with sulphur only in one or two proportions, which are definite 
and invariable ; and a controversy ensued remarkable for the mo- 
deration with which it was conducted on both sides. The question 
is now no longer at issue. The great variety of &cts, similar to 
those observed by Proust, which have since been established, has 
proved beyond a doubt that the leading principle of Berthollet is 
erroneous. The tendency of bodies to unite in definite proportions 
only, is indeed so great as to excite a suspicion that all substances 
combine in this way ; and that the exceptions thought to be afford- 
ed by the phenomena of solution, are rather apparent than real ; 
for it is conceivable that the apparent variety of proportion, noticed 
in such cases, may arise from the mixture or combination of a few 
definite compounds with each other. 

2. The Second Law of Combination is, that the relative 
quantities in which bodies unite, may be expressed by proportional 
numbers. Thus, 8 parts of oxygen united with 1 part of hydrogen, 
16 of sulphur, 85*4 of chlorine, 39*6 of selenium, and 108 parts of 
silver. Such are the quantities of these five bodies which are dis- 
posed to unite with 8 parts of oxygen ; and it is found that when 
they combine with one another, they unite either in the propor- 
tions expressed by those numbers, or in multiples of them accord- 
ing to the third law of combination. Hydrosulphuric acid, for in- 
stance, is composed of 1 part of hydrogen and 16 of sulphur, and 
bisulphuret of hydrogen of 1 part of hydrogen to 32 of sulphur ; 
85'4 of chlorine unite with 1 of hydrogen, 16 of sulphur, and 108 
of silver; and 39 '6 parts of selenium with 1 of hydrogen, and six- 
teen of sulphur. 

From the occurrence of such proportional numbers has arisen 
the use of certain terms, as Proportion, Combining Proportion, 
Proportional, and Chemical Equivalent or Equivalent, to express 
them. The latter term, introduced by WoUaston, and which is 
employed in this treatise, was suggested by the circumstance that 
the combining proportion of one body is, as it were, equivalent to 
that of another body, and may be substituted for it in combination. 
Among the tables at the end of the volume will be found one of 
the equivalents of elementary substances. 

This law is not confined to elementary substances, since compound 
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bodies have their combining proportions or equivalents, which may 
likewise be expressed in numbers. Thus, since water is composed 
of 1 eq. or 8 parts of oxygen, and 1 eq. or 1 of hydrogen, its com- 
bining proportion or equivalent is 9. The equivalent of sulphuric 
acid is 40, because it is a compound of one eq. or 16 ports of 
sulphur, and three eq. or 24 parts of oxygen ; and in like manner, 
the eq. of hydrochloric acid is 36*4, becauise it is a compound of 
one eq. or 85*4 parts of chlorine, and one eq. or 1 part of hydrogen. 
The equivalent number of potassium is 89, and as that quantity 
combines with 8 of oxygen to form potassa, the equivalent of the 
latter is 89 4- 8=47. Now when these compounds unite, one 
equivalent of the one combines with one, two, three, or more equi- 
valents of the other, precisely as the simple substances do. Hy- 
drate of potassa, for example, is constituted of 47 parts of potassa 
and 9 of water, and its equivalent is consequently 47 + 9, or 66. 
Sulphate of potassa is composed of 40 sulphuric acid + 47 pot- 
assa ; and the nitrate of that alkali of 54 nitric acid + 47 of potassa. 
The equivalent of the former salt is therefore 87, and of the 
latter 101. 

The composition of the salts aflfords a very instructive illustia- 
tion of this subject ; and to exemplify it still further, a list of the 
equivalents of a few acids and alkaline bases is annexed : — 

Hydrofluoric Acid 
Phosphoric Acid 
Hydrochloric 
Sulphuric Acid 
Nitric Acid 
Arsenic Acid 
Selenic Acid 

The alkalies are here shown to differ widely in neutralizing power; 
for the equivalent of each base expresses the quantity required to 
neutralize an equivalent of each of the acids. Thus 14 of lithia, 
31-3 of soda, and 76*7 of baryta, combine with 54-15 of nitric 
acid, forming the neutral nitrates of lithia, soda, and baryta. The 
same fact is obvious with respect to the acids ; for 40*1 of sul- 
phuric, 54*15 of nitric, and 63*6 of selenic acid unite with 76*7 of 
Baryta, forming a neutral sulphate, nitrate and selenate of baryta. 

These circumstances afford a ready explanation of a curious fact, 
first noticed by the Saxon chemist Wenzel ; namely, that when 
two neutral salts mutually decompose each other, the resulting 
compounds are likewise neutral. The cause of this fact is now 
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obvious. If 71 '8 parts of neutral sulphate of soda are mixed with 
180*7 of nitrate of baryta, the 76-7 parts of baryta unite with 40 
of sulphuric add, and the 54 parts of nitric acid of the nitrate com- 
bine with the 81*8 of soda of the sulphate, not a particle of acid 
or alkali remaining in an uncombined condition. 

Sulphate of Soda. Nitrate of Baryta. 

Sulphuric acid 40 54 Nitric acid,. 

Soda 31*3 76-7 Baryta. 

71-3 130-7 

It matters not whether more or less than 71*3 parts of sulphate 
of soda are added ; for if more, a small quantity of sulphate of 
soda will remain in solution ; if less, nitrate of baryta will be in 
excess ; but in either case the neutrality will be unaffected. 

8. The Third Law of combination is, that when one body, a, 
unites with another body, b, in two or more proportions, the quan- 
tities of the latter, united with the same quantity of the former, 
bear to each other a very simple ratio. The progress of chemical 
research, in discovering new compounds and ascertaining their exact 
composition, has shown that these ratios of b may be represented 
by one or other of the two following series : — i 

1st Series, a unites with 1, 2, 8, 4, 5, &c. of b. 

2nd Series, a unites with 1, 1^, 2, 2^, &c. of b. 

The first series is exemplified by the subjoined compounds. 



Water is composed of . Hydrogen 1 
Binoxide of Hydrogen . Do. 1 



Carbonic Oxide 
Carbonic Acid 
Nitrous Oxide 
Nitric Oxide 
H^rponitrous Acid 
Nitrous Acid 
Nitric Acid 



Carbon 6 

Do. 9 

Nitrogen 14.15 

Do. 14-16 

Do. 1415 

Do. 14-15 

Do. 14*15 



! 



Oxygen 8 J 1 

1 
2 
1 
2 
3 
4 
5 




In all these compounds the ratio of the oxygen are expressed by 
whole numbers. In water the hydrogen is combined with half as 
much oxygen as in the binoxide of hydrogen, so that the ratio is 
as I to S. . The same relation holds in carbonic oxide and carbonic 
acid. The oxygen in the compounds of nitrogen and oxygen is 
in the ratio of 1, 2, 8, 4, and 5. In like manner the ratio of 
sulphur in the two sulphurets of mercury, and that of chlorine in 
the two chlorides of mercury, is as 1 to 2. So, in bicarbonate of 
potassa, the alkali is united with twice as much carbonic acid as 
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in the carbonate ; and tlie acid of the three oxalates of potassa is 
in the ratio of I9 2, and 4. 

The following compounds exemplify the second series :— 

Protoxide of Iron consists of Iron 28 Oxygen 8)1 

Peroxide . . Do. 28 Do. 12 $ 1^ 

Protoxide of Manganese • • Manganese 27.7 Do« 8 

Sesqui-oxide . . Do. 27*7 Do. 12 

Bin-oxide . . Do. 27-7 Do. 16 

Arsenious Acid • . Arsenic 37*7 Do. 12 ) 1^ 

Arsenic Acid . . Do. 37-7 Do. 20 ) 2| 

Hypophosphorous Acid • • Phosphorus 15-7 Do. 4^ ^ 

Phosphorous Acid . . Do, 15*7 Do. 12 V l| 

Phosphoric Acid . . Do. 15'7 Do. 20j 2^ 

Both of these series, which together constitute the Third Law 
of Combination, result naturally from the operation of the second 
law. The first series arises from one equivalent of a body uniting 
with 1, 2, 3, or more equivalents of another body. The second 
series is a consequence of two equivalents of one substance combin- 
ing with 8, 5, or more equivalents of another. Thus if two equiva- 
lents of phosphorus unite both with 3 and with 5 equivalents of 
oxygen, we obtain the ratio of l^- to 2i ; and should one equivalent 
of iron combine with one of oxygen, and another compound be form- 
ed of two equivalents of iron to three of oxygen, then the oxygen 
united with the same weight of iron would have the ratio, as in the 
table, of 1 to 1|^. The compounds of manganese and phosphorus 
with oxygen afford examples of the same nature. Still more com- 
plex arrangements will be readily conceived, such as 3 equivalents 
of one substance to 4, 5, or more of another. But it is remarkable 
that combinations of this kind are very rare ; and even their ex- 
istence, though theoretically possible, has not been decidedly esta- 
blished. Even some of the compounds which are usually included 
in the second series belong properly to the first. The red oxide 
of lead for instance, appears in its chemical relations not so much 
as a direct compound of lead and oxygen, but as a kind of salt 
formed by the union of the binoxide of lead with the protoxide of 
the same metal. On this supposition the two other oxides belong 
to the first series. 

The merit of establishing the first law of combination seems due 
to Wenzel, a Saxon chemist ; and the second law is deducible 
from his experiments on the composition of the salts. His work, 
entitled Lehre der Verwandtschafiy was published in 1777. Berg- 
mann and Richter, a few years after, confirmed the observations 
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zel, though without adding materially in the way of gene- 
Higgins in 1789 speculated on the atomic constitution 
d bodies in a manner which, if pursued, would have 
liscovery of Dalton, It is to the latter, science is 
deducing from the scattered facts which had been 
'!ted, a theory of chemical union, embracing the 
d giving it a consistency and form which before 
•^r possessed. In his hands the second law of 
ained its full generality ; but the discovery, 
.^ly his own, is that part of the third law of 
.^11 which is contained in the first of the two series above 
«uentioned. The first public announcement of his views appears 
to have been made to the Philosophical Society of Manchester 
in 1808 ; and in 1808 they were explained in his New System 
of Chemical Philosophy. In the same year Wollaston and 
Thomson gave their evidence in support of the new doctrine, 
and other chemists have followed in the same path of inquiry. 
But of all who have successfully laboured in establishing the laws 
of combination, the most splendid contribution is that of the cele- 
brated Berzelius. Struck with the perusal of the works of llichter, 
he commenced in 1807 an investigation into the Laws of Definite 
Proportion. Since that period his labours in this important field 
have been incessant, and every department of the science has been 
enriched by his skill and indefatigable industry. Whether we 
look to pneumatic chemistry, to the chemical history of the metals 
and of the salts, or to the composition of minerals, we arc alike 
indebted to Berzelius. In all has he traced the laws of definite 
proportion, and by a multitude of exact analyses given to the 
laws of combination that certainty which accumulated facts can 
alone convey. 

The utility of being acquainted with these important laws is 
manifest. Through their aid, and by remembering the equivalents 
of a few elementary substances, the composition of an extensive 
range of compound bodies may be calculated with facility. Thus, 
by knowing that 6 is the eq. of carbon and 8 of oxygen, it is easy 
to recollect the composition of carbonic oxide and carbonic acid ; 
the first consisting of 6 parts of carbon H- 8 of oxygen, and the 
second of 6 carbon +16 of oxygen. The eq. of potassium is 39 ; 
and potassa, its protoxide, is composed of 39 of potassium + 8 of 
oxygen. From those few data, the composition of carbonate and 
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bi-carbonate of potassa are given ; the former being composed of 
2^ parts of carbonic acid + 47 potassa, and the latter of 44 
carbonic acid + 47 potassa. This method acts as an artificial me- 
mory, the advantage of which, compared with the former practice 
of stating the composition in 100 parts, will be manifest by in- 
specting the following quantities, and attempting to recollect them. 

Carbonic Oxide. Carbonic Acid. 

Carbon 42-86 . . • 27-27 

Oxygen 67-14 . • . 72-73 

Carbonate of Potassa. Bi-carbonate of Potassa. 

Carbonic acid 31-43 . . . 47*83 

Potassa 68-57 . , . 62-17 

From the same data, calculations, which would otherwise be 
difficult or tedious, may be made rapidly and with ease, without 
reference to books, and frequently by a simple mental process. 
The exact quantities of substances required to produce a given 
effect may be determined with certainty, thus affording informa- 
tion which is often necessary to the success of chemical processes, 
and of great consequence both in the practice of the chemical arts, 
and in the operations of pharmacy. 

The same knowledge affords a good test to the analyst by which 
he may judge of the accuracy of his result, and even sometimes 
correct an analysis which he has not the means of performing with 
rigid precision. Thus a powerful argument for the accuracy of an 
analysis is derived from the correspondence of its result with the 
laws of chemical union. On the contrary, if it form an exception 
to them, we are authorized to regard it as doubtful ; and may hence 
be led to detect an error, the existence of which might not other- 
wise have been suspected. If an oxidized body be found to con^ 
tain one equivalent of the combustible with 7'99 of oxygen, it is 
feir to infer that 8, or one equivalent of oxygen, would have been 
the result, had the analysis been perfect. 

The composition of a substance may sometimes be determined 
by a calculation, founded on the laws of chemical union, before 
an analysis of it has been accomplished. When the new alkali 
lithia was first discovered, chemists did not possess it in sufficient 
quantity for determining its constitution analytically. But the 
neutral sulphates of the alkalies and alkaline earths are known to be 
composed of one equivalent of each constituent, and the oxides to 
contain one eq. of oxygen. If it be found, therefore, by analysis, 
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that neutral sulphate of lithia is composed of 40 parts of sulphuric 
acid and 14 of lithia, it may be inferred, since 40 is one eq. of the 
acid, that 14 is the eq. for lithia ; and that this oxide is formed of 
8 parts of oxygen and 6 of lithium. 

The method of determining equivalent numbers will be antici- 
pated from what has already been said. The commencement is 
made by carefully analyzing a definite compound of two simple 
substances which possess an extensive range of affinity. Thus 
water, a compound of oxygen and hydrogen, is found to contain 8 
parts of the former to 1 of the latter ; and if it be assumed that 
water consists of 1 eq. of oxygen and 1 of hydrogen, the relative 
weights of these equivalents will be as 8 to 1. The chemist then 
selects for analysis such compounds as he believes to contain 1 cq. 
of each element, in which either oxygen or hydrogen, but not both, 
is present. Carbonic oxide and hydro-sulphuric acid are suited to 
his purpose : as the former consists of 8 parts of oxygen and 6 of 
carbon, and the latter of 1 part of hydrogen and 16 of sulphur, 
the equivalent of carbon is inferred to be 6, and that of sulphur 
16. The equivalent of all the other elements may be determined 
in a similar manner. 

In researches on chemical equivalents there are two kinds of dif- 
ficulty, one involved in the processes for ascertaining the exact com- 
position of compounds, and the other in the selection of the com- 
pounds which contain single equivalents. Important general pre- 
cautions in the experimental part of the subject are the following : — 
1, to exert scrupulous care about the purity of materials ; 2, to select 
methods which consist of a few simple operations only ; 3, to re- 
peat experiments, and with materials prepared at different times ; 
4, to arrive at the same conclusion by two or more processes inde- 
pendent of each other. In the selection of compounds of single 
equivalents there are several circumstances calculated to direct the 
judgment : — 

1. If two substances combine in several proportions, the law of 
multiples usually affects the electro-negative element of a com- 
pound. Thus, in the 5 compounds of nitrogen and oxygen, in 
which oxygen is the — element, 14 parts of nitrogen are united 
with 8, 16, 24, 32, and 40 parts of oxygen ; whereas, taking the 
quantity of oxygen as constant, 8 parts of oxygen are united with 
14, 7, 4*66, 8*5, and 2-8 parts of nitrogen, in which the simple 
ratio of the first series does not exist. This circumstance induces 
the chemist always to search among the oxides of the same element 
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for the lowest grade of oxidation, and in most cases to consider it as 
a compound of single equivalent. In some instances, however, the 
second degree of oxidation is formed of single equivalents, while 
the lowest oxide consists of 2 eq. of the -f element and one of 
oxygen. Such compounds are called dioxides (page 193) and 
sometimes suboxides. 

2. Metallic oxides, distinguished for strong alkalinity, or for 
acting as strong alkaline bases, are always protoxides. Dioxides 
rarely unite definitely with acids, and are remarkable for thdr 
ready conversion into protoxides with separation of metal. If the 
same metal yield several oxides, the protoxide is the strongest 
base ; the highest grade of oxidation is frequently an acid, and the 
intermediate oxides are in general little distinguished either for 
alkalinity or acidity. Protoxides usually resist decomposition more 
obstinately than other oxides. 

3. When a metal forms two oxides, the oxygen of which is in 
the ratio of 1 to 1|, the first is usually the protoxide, and the 
second a compound of 2 eq. of the metal to three of wyy e u . 
The oxides of iron and nickel are examples. 

4. If two compounds resemble each other in their modes of 
combination, it is a strong presumption that their constitution is 
similar. Alumina and the peroxide of iron are remarkably allied 
in their chemical relations; and hence it is inferred, since the 
latter consists of 2 eq. of iron and 8 eq. of oxygen, that the former, 
whose composition would otherwise be very doubtful, is composed 
of 2 eq. of aluminium and 3 eq. of oxygen. 

!>. Mitscherlich has found, as is more fully stated in the article 
on crystallization, that certain compounds which resemble each other 
in composition and in their modes of combining, are likewise disposed 
in crystallizing to affect the same form. Hence it is a strong pre- 
sumption that compounds which are analogous both in their crys- 
talline figure and modes of combining, are also similar in their com- 
position. In the oxide and acid of chromium the oxygen is in the 
ratio 1 to 2, and hence it was at first supposed that 1 eq. of 
chromium was united in the oxide with 1 eq. and in the acid with 
2 eq. of oxygen. But the chromates resemble the sulphates in 
form and modes of combining, and the oxide of chromium bears the 
same analogy to alumina and peroxide of iron. The inference is, 
that oxide of chromium consists of 2 eq. of chromium and 3 eq. of 
oxygen, and chromic acid of 1 eq. of chromium and 3 eq. of oxygen. 

6. Another guide in these inquiries is derived from the relation 
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traced by Dulong and Petit between the equivalents of a body and 
its sp. heat. The coincidences pointed out at page 55, are suf- 
ficiently numerous to show an interesting relation which is some- 
times useful in selecting between doubtful numbers ; but the in- 
stances of feilure are at present too frequent to admit of this principle 
being used except with much caution. 

7. The ready decomposition by galvanism, observed by Faraday, 
of compounds which consist of single equivalents, and the resistance 
to the same agent of many others not so constituted, promises to 
become an indication of great value in determining eq. numbers. 
The facts as yet known respecting it will be found in the section on 
galvanism. 

8. Great light is often thrown on the chemical constitution of a 
compound by a knowledge of the volumes of the substances of which 
it is composed. This subject, however, will be discussed in an 
after part of this section. 

Since the equivalents merely express the relative quantities of 
different substances which combine together, it is in itself imma- 
terial what figures are employed to express them. The only essen- 
tial point is, that the relation should be strictly observed. Thus, 
the eq. of hydrogen may be assumed as 10 ; but then oxygen must 
be 80, carbon 60, and sulphur 160. We may call hydrogen 100 or 
1000 ; or, if it were desirable to perplex the subject as much as pos- 
sible, some high uneven number might be selected, provided the due 
relation between the different numbers were faithfully preserved. 
But such a practice would destroy the advantage above ascribed to 
the use of equivalents ; and it is the object of every one to employ 
such as are simple, that their relation may be perceived by mere in- 
spection. Thomson makes oxygen 1, so that hydrogen is eight 
times less than unity, or 0*126, carbon 0*75, and sidphur 2. 
WoUaston, in his scale of chemical equivalents, estimated oxygen at 
10 ; and hence hydrogen is 1-25, carbon 7*5, and so on. Accord- 
ing to Berzelius, oxygen is 100. And lastly, several other chemists^ 
such as Dalton, Davy, Henry, and others, selected hydrogen as 
their unit ; and therefore the eq. of oxygen is 8. One of these 
series may easily be reduced to either of the others by an obvious 
and simple calculation. The numbers adopted in this work refer 
to hydrogen as unity, and are given in a table (Appendix in Table 
I.) constructed principally from the published tables of Berzelius, 
and partly from facts supplied by my own researches. The hypo- 
thesis that all equivalent numbers are simple multiples of the eq. 
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of hydrogen, has been elsewhere shown to be untenable. (Phil. 
Trans. 1883, Part ii. page 5^.) Whenever the experimental 
quantity is nearly a whole number^ the last may for many purposes 
be used as a sufficient approximation ; and, accordingly, for such 
elements as carbon^ sulphur, nitrogen, and potassium, which are 
often referred to in the way of illustration, I have generally adopted 
round numbers^ as being shorter and more easily remembered than 
fractions. But on all occasions where exact calculations are con- 
cerned, the numbers given in the table should be employed. 

The useful instrument known by the name of the Scale of Che- 
mical Equivalents^ was devised by Wollaston, and is a table of 
equivalents comprehending all those substances whicb are most fre- 
quently employed by chemists in the laboratory ; and it only differs 
from other tabular arrangements of the same kind, in tbe numbers 
being attached to a sliding rule, which is divided according to the 
principle of that of Gunter. From the mathematical construction 
of the scale, it not only serves the same purpose as other tables of 
equivalents but in many instances supersedes the necessity of cal- 
culation. Thus, by inspecting the common table of equivalents 
we learn that 87 parts, or 1 eq. of sulphate of potassa contain 40 
parts of sulphuric acid and 47 of potassa : but recourse must be 
had to calculation, when it is wished to determine tbe quantity of 
acid or alkali in any other quantity of the salt. This knowledge, 
on the contrary, is obtained directly by means of the scale of che- 
mical equivalents. For example, on pushing up the slide until 100 
marked upon it is in a line with the name sulphate of potassa on 
the fixed part of the scale, the numbers opposite to the terms sul- 
phuric acid and potassa will give the precise quantity of eacb con- 
tained in 100 parts of the compound. In the original scale of 
Wollaston, for a particular account of which I may refer to the Phi- 
losophical Transactions for 1814, oxygen is taken as the standard 
of comparison ; but hydrogen may be selected for that purpose with 
equal propriety, and scales of this kind have been prepared for sale 
by Reid of Edinburgh. A very complete scale of equivalents has 
been drawn up by Prideaux of Plymouth. (Phil. Mag. and An- 
nals, viii. 430.) 

ON THE ATOMIC THEORY. 

The brief sketch which has been given of the laws of combina- 
tion will, I trust, set in its true light the importance of that depart- 
ment of chemical science. It is founded on experiment alone, and 
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tlie laws whicli have been stated are the mere expression of fact. 
It is not necessarily connected with any speculation, and may be 
kept wholly free from it. The notion that the laws of combination 
involve something uncertain or hypothetical, is a fallacy easily 
referable to its source. It was impossible to reflect on the regu- 
larity and constancy with which bodies obey these laws, without 
speculating about the cause of that regularity ; and, consequently, 
the iacts themselves were no sooner noticed, than an attempt was 
made to explain them. Accordingly, when Dalton published his 
discovery of those laws^ he at once incorporated the description of 
them with his notion of their physical cause, and even expressed 
the former in language suggested by the latter. Since that period, 
though several British chemists of eminence, and in particular 
Wollaston and Davy, recommended and practised an opposite 
course, both subjects have been too commonly comprised under the 
name of atomic theory ; hence it has often happened that beginners 
have rejected the whole as hypothetical, because they could not 
satisftctorily distinguish those parts which are founded on fact 
from those which are conjectural. All such perplexity would have 
been avoided^ and this department of the science have been far 
better understood, and its value more justly appreciated, had the 
discussion concerning the atomic constitution of bodies been always 
kept distinct from that of the phenomena which it is intended to 
explain. When employed in this limited sense, the atomic theory 
may be discusaed in a few words. 

Two opposite opinions have long existed concerning the ultimate 
elements of matter. It is supposed, according to one party, that 
every particle of matter^ however small, may be divided into smaller 
portions, provided our instruments and organs were adapted to the 
operation. Their opponents contend, on the other hand, that 
matter is composed of certain ultimate particles or molecules, which 
by their nature are indivisible, and are hence termed atoms (from 
a notf and n(is¥uv to cut.) These opposite opinions have from time 
to time been keenly contested, and with variable success, according 
to the acuteness and ingenuity of their respective champions. But 
it was at last perceived that no positive data existed capable of 
deciding the question, and its interest therefore gradually declined. 
The progress of modem chemistry has revived attention to this 
controversy, by affording a far stronger argument in favour of the 
atomic constitution of matter than was ever advanced before, and 
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one wUcli is almost irresistible. For the assnmption that all bodies 
consist of ultimate atoms, the weight of which differs in different 
kinds of matter, supplies a luminous explanation of the laws of 
chemical union, which do not appear explicable on any other 
supposition. 

According to the atomic theory, every compound is formed of 
the atoms of its constituents. An atom of A may unite with 1, 
2, 8, or more atoms of B. Thus, supposing water to be composed 
of 1 atom of hydrogen and 1 atom of oxygen, binoxide of hydrogen 
will consist of 1 atom of hydrogen and 2 atoms of oxygen. If car- 
bonic oxide is formed of 1 atom of carbon and 1 atom of oxygen^ 
carbonic acid will consist of 1 atom of carbon and £ atoms of 
oxygen. If, in the compounds of nitrogen and oxygen enumerated 
at page 217, the first or protoxide consist of 1 atom of nitrogen 
and 1 atom of oxygen, the four others will be regarded as com- 
pounds of 1 atom of nitrogen to 2, 3, 4, and 5 atoms of oxygen. 
From these instances it will appear, that the law of multiple pro- 
portion is a necessary consequence of the atomic theory. There is 
also no apparent reason why 2 or more atoms of 1 substance may 
not combine with 2, 8, 4, 6, or more atoms of another ; but, on 
the contrary, these arrangements are necessary in explanation of the 
not unfrequent occurrence of half equivalents, as formerly stated. 
(Page 217.) Such combinations will also account for the complicated 
proportion noticed in certain compounds, especially in many of 
those belonging to the animal and vegetable kingdoms. 

In consequence of the satis&ctory explanation which the laws of 
chemical union receive by means of the atomic theory, it has become 
customary to employ the term atom in the same sense as combining 
proportion or equivalent. For example, instead of describing water 
as a compound of 1 eq. of oxygen and 1 eq. of hydrogen, it is said 
to consist of 1 atom of each element. In like manner sulphate of 
potassa is said to be formed of 1 atom of sulphuric acid and 1 atom 
of potassa, the word in this case denoting as it were a compound 
atom, that is, the smallest integral particle of the acid or alkali ; a 
particle which does not admit of being divided, except by the sepa- 
ration of its elementary or constituent atoms. The numbers ex- 
pressing the proportions in which bodies unite, must likewise indi- 
cate, consistently with this view, the relative weights of atoms ; and 
accordingly these numbers are often called atomic weights. Thus, 
as Water is composed of 8 parts of oxygen and 1 of hydrogen, it 
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followis, on the supposition of water consisting of 1 atom of each 
element, that an atom of oxygen must be 8 times heavier than an 
atom of hydrogen. If carbonic oxide be formed of an atom of car- 
bon and an atom of oxygen, the relative weights of their atoms are 
as 6 to 8 ; and in short the chemical equivalents of all bodies may 
be considered as expressing the relative weights of their atoms. 

The foregoing argument in favour of the atomic constitution of 
matter becomes much stronger when we trace the intimate con- 
nexion which subsists among many substances, between their crys- 
talline form and chemical composition. This subject, however, 
now known under the name of isomorphism, will be more conveni- 
ently discussed under the head of crystallization. 

Dalton supposes the atoms of bodies to be spherical ; and he has 
invented certain symbols to represent the mode in which he con- 
ceives they may combine together, as illustrated by the following 
figures. 

Q Hydrogen. Q Oxygen. 

Nitrogen. # CarlK>n. 

BINARY COMPOUNDS. 

O0 Water. 

0# Carbonic oxide. 

TERNARY COMPOUNDS. 

QG)Q Binoxide of hydrogen. 
0#0 Carbonic acid. 
&c. &c. &c. 

All substances containing only 2 atoms he called binary com- 
{K>und8, those composed of S atoms ternary compounds, of 4 qua- 
ternary, and so on. 

There are several questions relative to the nature of atoms, most 
of which will perhaps never be decided. Of this nature are the 
questions which relate to the actual form, size, and weight of atoms, 
and to the circumstances in which they mutually differ. All that 
we know with any certainty is, that their weights do differ, and by 
exact analysis the relations between them may be determined. 
Peculiar views of the constitution of matter are held by Ampfere, 
whose opinions are always acute and philosophical. He not only 
believes dissimilar atoms, as of oxygen and hydrogen, to be capa- 
ble of uniting, but that 2 or more atoms of the same kind have a 
power of mutual attraction whereby they are arranged in groups of 
definite figure, which he calls molecules. These molecules more or 

a 2 
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less intimately bound together by cohesion, give rise to the differ- 
ent states of bodies, the solid, liquid, and gaseous. Thus, oxygen 
gas is conceived not an assemblage of self-repulsive atoms of oxygen, 
but of molecules, each of v^hich is a polyhedral solid made up of a 
constant number of atoms and repulsive to neighbouring molecules. 
In like manner he conceives the ultimate particles of compounds, 
as water and potassa, to be arranged in groups so as to constitute 
molecules. Similar views are maintained by Prout in his Bridge- 
water Treatise. This doctrine receives strong support from some 
phenomena of gaseous combination, and from the complex nature 
of organic compounds. 

It is but justice to the memory of Higgins, to state that he first 
made use of the atomic hypothesis in chemical reasonings. In his 
" Comparative View of the phlogistic and antiphlogistic Theories,'' 
published in the year 1789, he observes (pages 86 and 87) that 
" in volatile vitriolic acid a single ultimate particle of sulphur is 
intimately united only to a single particle of dephlogisticated air ; 
and that, in perfect vitriolic acid, every single particle of sulphur is 
united to 2 of dephlogisticated air, being the quantity necessary 
to saturation ;'^ and he reasons in the same way concerning the 
constitution of water and the compounds of nitrogen and oxygen. 
These remarks of Higgins do not appear to have had the slightest 
connexion with the subsequent views of Dalton, who seems to have 
never seen the work of Higgins till after he had given an account 
of his own doctrine. The observations of Higgins, though highly 
creditable to his sagacity, do not affect Dalton'^s merit as an original 
observer. They were made, moreover, in so casual a manner, as 
not only not to have attracted the notice of hife contemporaries, but 
to prove that Higgins himself attached no particular interest to 
them. Dalton'*s chief merit consists in having formed a complete 
theory of chemical union, and in the discovery of an essential and 
most important part of the doctrine, a merit which is solely and in- 
disputably his ; but in which he would have been anticipated by 
Higgins, had that chemist perceived the importance of his own 
opinions. 

To the student who may desire a more ample account of the 
doctrine of atoms than the nature and limits of this volume admit 
of being given here, I may recommend a small work by Daubeny 
on the atomic theory, which in other respects will be found well 
worthy of perusal. 
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ON THE THEORY OP VOLUMES. 

Soon after the publication of the New System of Chemical Phi- 
losophy in 1808, in which work Dalton explained his views of 
the atomic constitution of bodies, Gay-Lussac published in the 
Memoires d'^Arcueil on the " Combination of Gaseous Substances 
with one another.'*' He there proved that gases unite together by 
volume in very simple proportions, which he exemplified by the 
ratios in which the following gases imite : — 



100 Hydrogen . to 
100 Ammoniacal • 
100 do. 

100 do. 

100 do. 

100 do. 



50 Oxygen. 
100 Hvdrochloric acid gas. 
100 Fluoboric acid gas. 
200 do. 

100 Carbonic acid gas. 
200 do. 



Various other examples were quoted, both from his own experi- 
ments and from those of others, all demonstrating the same fact. 
Thus ammonia was found by A. BerthoUet to consist of 100 vo- 
lumes of nitrogen gas and 800 volumes of hydrogen ; sulphuric 
acid contains 100 volumes of sulphurous acid and 50 volumes of 
oxygen ; and carbonic acid is formed by burning a mixture of 50 
volumes of oxygen and 100 volumes of carbonic oxide. 

Prom these and other instances Gay-Lussac established the fact, 
that gaseous substances unite in the simple ratio of 1 to 1, 1 to 2, 
1 to 3, &c. ; and this original observation has been confirmed by 
such a multiplicity of experiments, that it may be regarded as one 
of the best established laws in chemistry. Nor does it apply to 
gases merely, but to vapours also. For example, hydrosulphuric, 
sulphurous, and hydriodic acid gases are composed of 

600 vol. hydrogen gas and 100 vol. vapour of sulphur. 
600 oxygen 100 . . sulphur. 

100 hydrogen 100 . . iodine. 

. Another remarkable fact established by Gay-Lussac in the same 
essay is, that the volumes of compound gases and vapours always 
bear a very simple ratio to the volumes of their elements. This 
will appear from the following table, in which all the substances are 
supposed to be in the gaseous state :— 

Volumes of Elements. Volumes of resulting compounds. 

100 Nitrogen + 300 Hydrogen yield 200 Ammonia. 

50 Oxygen -j- 100 Hydrogen ... 100 Water. 

60 Oiyeen -j- 100 Nitrogen . . .100 Protoxide of Nitrogen. 

100 Sulphur 4- 600 Hydrogen . . . 600 Hydrosulphuric acid. 

100 Sulphur -f 600 Oxygen . . . 600 Sulphurous acid. 
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Volumes of Elements. 



100 Chlorine + 

100 Iodine + 

100 Bromine -|- 

100 Cyanogen -j- 

100 Oxygen -j- 



100 Hydrogen 
100 Hydrogen 
100 Hydrogen 
^100 Hydrogen 
100 Nitrogen 



Volumes of resulting Compounds, 
yield 200 Hydrochloric acid. 
. 200 Hydriodic acid. 
. 200 Hydrobromic acid. 
. 200 Hydrocyanic acid. 
. 200 Binoxide of Nitrogen. 



The law of multiples (page 217) is equally demonstrable by 
means of combining or eq. volumes as by combining or eq. weights. 
The annexed tabular view will justify this statement :•: — 



Volumes of Elements. 






Resulting Compounds. 


100 Nitrogen 


+ 


60 


Oxygen 


yield 


Protoxide of Nitrogen. 


100 do. 


+ 


100 


do. 




. Binoxide of Nitrogen. 


100 do. 


+ 


150 


do. 




. Hyponitrous acid. 


100 do. 


+ 


200 


do. 




. Nitrous acid. 


100 do. 


-h 


260 


do. 




. Nitric acid. 


100 Hydrogen 


+ 


60 


do. 




; Water. 


100 do. 


+ 


100 


do. 




. Binoxide of Hydrogen. 


100 Carbon Vapour + 


50 


do. 




. Carbonic oxide. 


100 do. 


+ 


100 


do. 




. Carbonic acid. 



It thus appears that the laws of combination may equally well be 
deduced from the volumes as from the weights of the combining 
substances, and that the composition of gaseous bodies may be ex- 
pressed as well by measure as weight. In the subjoined table is a 
comparative view of equivalent weights and volumes, to which is 
added the respective sp. gravities in relation both to air and hydro- 
gen : the facts respecting the vapours are drawn from an essay by 
Mitscherlich. (An. de. Ch. et. Ph. Iv. 5.) In constructing the 
table 100 volumes of hydrogen are assumed as the unit to which the 
eq. vol. of other substances are compared, and as the volume occu- 
pied by a weight of hydrogen represented by its equivalent. The 
eq. vol. of other substances, considered as gases, are in like manner 
the volumes corresponding to their equivalents taken as weights. 
In all substances, whose sp. gr. and equivalents are the same com- 
pared to the sp. gr. and eq. of hydrogen as unity, the eq. vol. is 
100. If the sp. gr. is smaller than its equivalent, as in mercury, 
this must arise from its eq. vol. being proportionally greater than 
the eq. vol. of hydrogen ; and if the sp. gr. is greater than its equi- 
valent, as in oxygen or sulphur, the eq. vol. is proportionally smaller 
than the eq. vol. of hydrogen. A simple rule of three, therefore, 
enables the eq. vol. to be calculated. Thus the eq. vol. of mercury 
is m X 100 = 200; that of oxygen j\ x 100 = 50 ; and that 
of sulphur is ||f^ x 100 = 16-66, agreeably to the numbers 
which will be found in the table. 
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Sp«lflceiavllles. 


Chomlul 


Equiv.1,1,1., 


Ou«.dVapou«. 










Aliul. 


HyfliojeniMil 


BjVol. 


Bj-Wdght. 




0-0690 


1-00 


100 


1-00 


Nitrogen - 


0-9727 


1412 


100 


14-15 


Chbiiie 


2-4700 


36-84 


100 


35.42 




0^215 


6-12 


100 


6-ia 


loiiae 


8-7011 


12630 


100 


126-30 




6-3930 


78-40 


100 


78-40 


Water 


0-620'i 


9-00 


100 


9-00 


Alcohol . 


1'6012 


23-24 


100 


23-25 


Snlphuric Ether 


2-5822 


37-50 


100 


37-50 


0-5595 


8-12 


100 


e-ia 


OlefianlGas - 


0-9810 


14-24 


100 


14-24 


Carbonic Oriile . 


0-9727 


14-12 


100 


14-12 


Carbonic Acid ^ 


1-5239 


32-12 


100 


22-13 


Protoiide of Nilroeen 


1-5239 


22-12 


100 


22-15 




2-2105 


32-10 


100 


32-10 


Sutpburic Acid (aaliydtoiu) 


2-7617 


4010 


100 


40-10 


Cjanogen 


1-8157 


26-35 


100 


26-35 




1-1770 


17-10 


100 


17-10 


Bboxide of Nitrogen . 


1-0377 


13-06 


200 


30-15 


iStrcuij . 


6-9690 


101-00 


200 


202-00 






8-56 


200 


17-15 




1-3695 


ie-42 


200 


36-42 


Hjdriodio Acid 


4-3850 


63-t>3 


200 


127-26 




2-7310 


39-71 


200 


79-40 




0-9423 


13'67 


200 


37-35 




a-69S0 


39-20 


200 


78-20 


SesqBichlorideot Arsenic 


6-2950 


91-36 


200 


181-66 




16-6400 


227-00 


200 


454-28 


ProlochloridflofMercurj 


8-2040 


119-00 


200 


237-42 


BicliloHde of Mercury 


9-4390 


137-00 


200 


272-84 


BromidaofMBreury , 


9-6650 


140-26 


200 


380-40 




12-3620 


179-40 


200 


350-80 


Biniodlde of Mercurj . 


15-6700 


227-40 


200 


464-52 


Oijgen . . 
ArsenioDs Acid 


1-1025 


16-00 


50 


8-00 


13-6695 


198-4 


60 


99-40 




4-3273 


62-8 


25 


16-70 


Arteuc 


10-3620 


150-8 


25 


37-7 


Sulpbur . 


6-6480 


g6-48 


16.66 


16-10 




6-3840 


78-10 


33.33 


234-la 



The observations whicli more immediately flow from the facts in 
the preceding table are these :— 

1. The combining or eq. volumes of substances, both elementt^ 
uid compomid, are either equal or have tbe simple ratio of 1 to 1, 
1 to S, 1 to 3, &c. The same simplicity rarely exista among the 
equivalent weiglits. 

2, On comparing together tbe third and fifth columns, the cor- 
responding niimberB for the 18 first substances will be found nearly 
or quite identical. As those substances have the same nuiting 



232 0(1 THjB LAWS OF COMBINA.TION. 

volume as hydrogen, which is the assumed unit of comparison, and 
as the sp. gravities are merely the weights of equal volumes, the 
numbers of the third column, were they quite exact, must coincide 
with those in the fifth : their want of identity indicates errors of 
observation. 

3. The identity in the eq. volumes of the elementary gases, 
hydrogen, nitrogen, and chlorine, led to the notion that the eq. 
volumes of most other elements, such as carbon, sulphur, and phos- 
phorus, might also be identical. Assuming that identity, the sp. 
gravity which those elements ought to have when gaseous, may easily 
be calculated. Thus, taking 1, 6*12, and 16*1 as the equivalents of 
hydrogen, carbon, and sulphur, then will their sp. gravities in the 
gaseous state, eq. volumes being supposed equal, be in the ratio of 
1, 6*12, and 161. This method, by which the hypothetical sp. 
gravity of carbon, as stated in the table, was obtained, was first in- 
dicated by Dr. Prout. (An. of Phil. vi. 321.) But though such 
hypothetical numbers may sometimes be used for the convenience 
of expressing the relation of uniting substances by measure, recent 
fects show how dangerous it would be to confide in them ; for by 
the table it appears that the eq. volume of sulphurous vapour is one 
sixth of that of hydrogen, which renders the sp, gravity of the 
vapour of sulphur six times greater than the hypothetical number. 
Similar deviation is observable in phosphorus, arsenic, and mercury. 
In these cases, the real sp. gravity of a vapour is as much greater or 
less than the hypothetical as its eq. volume is less or greater than 
that of hydrogen. 

4. The identity in the eq. volumes of hydrogen, nitrogen, and 
chlorine, suggested the idea that the atoms of all the elements are 
of the same magnitude ; and this, coupled with the supposition that 
the self-repulsive energy of these atoms is equal, led to the opinion 
that equal volumes of the elements in the gaseous state must contain 
an equal number of atoms. This hypothesis, recommended by its 
simplicity, and supported by the fact that the volumes of gaseous 
substances vary according to the same law by varying temperature 
and pressure, was accordingly employed as a mode of determining 
the relative weights of atoms. As water consists of 50 measures of 
oxygen and 100 of hydrogen gas, it was inferred to be a compound 
of one atom of oxygen and two atoms of hydrogen ; and consequently, 
taking 8 as the weight of an atom of oxygen, the weight of one atom 
of hydrogen is ^ instead of 1, as in the table ; or taking hydrogen 
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as 1, the atom of oxygen is 16. On the same principle may the 
numbeiB which in the table represent the eq. weights of chlorine, 
bromine, iodine, and nitrogen, which have the same eq. volumes as 
hydrogen, be considered as the weights of two equivalents. The 
equivalents adopted by Davy in his Elements of Chemical Philoso- 
phy, as well as those of Berzelius, which are now in general use on 
the Continent, were firamed in accordance with these views : this the 
British chemist requires to bear in mind, since the same numbers 
which Berzelius uses for 2 eq. of hydrogen, nitrogen, chlorine, bro- 
mine, and iodine, he considers as one equivalent. But the opinion 
of Davy and Berzelius must now either be abandoned, or maintain- 
ed on other principles, since the late researches of Dumas and 
Mitscherlich have shown experimentally that eq. volumes of the 
elementary gases and vapours do not contain the same number of 
atoms. 

5. The fects contained in the last and preceding tables supply 
material for calculating the sp. gravity of compound gases, by which 
means the accuracy of other conclusions respecting their composition 
may be verified. This analysis proves that ammoniacal gas is com- 
posed of 100 volumes of nitrogen and 800 of hydrogen gases, con- 
densed into the space of 200 volumes : if so, its sp. gravity will be 

0-9727-1-3 X 0-069 M797 

= =0-5889. 

2 2 

The near agreement of this calculated number with that found by 
weighing the gas itself, proves that ammonia has really the constitu- 
tion above assigned to it, and gives great probability that the sp. 
gravity of nitrogen and hydrogen gases is nearly correct. 

Again, hydrochloric acid gas consists of 100 volumes of hydrogen 
and 100 of chlorine gases united without any change of bulk. 
Hence its sp. gravity ought to be 

2-47-f0«069 

=1-2695. 

2 

Hydrocyanic acid vapour is formed of 100 volumes of hydrogen 
and 100 of cyanogen gases united without change of volume ; and 
therefore its sp. gravity should be 

1-8157-I-0.069 
= 0-9423. 
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Considering defiant gas as a compound of 200 volumes of hydro- 
gen gas and 200 of the vapour of carbon condensed into 100^ its 
sp. gravity T^iU be 2 x 0*069 +2 x 0-4215=01380 + 0-8480= 
0-9810. 

Aqueous vapour is composed of 100 volumes of hydrogen and 
50 of oxygen gases condensed into the space of 100 volumes ; and 
therefore its sp. gravity ought to be 0*069 + 0*5512 (half the sp. 
gr. of oxygen) = 0*6202. 

Protoxide of nitrogen is formed of 100 volumes of nitrogen and 
60 of oxygen gases condensed into 100 volumes, and hence its sp. 
gravity should be 0*9727 -h 0*55 12=1*5289. 

Assuming carbonic oxide to be a compound of 100 volumes of 
carbon vapour and 50 of oxygen gas contracted in uniting into 100 
volumes, its sp. gravity should be 0*4215 + 0*5512=0*9727. 

As the different sp. gravities thus calculated are very nearly those 
found by direct experiment, there is a strong presumption that the 
elements of the calculations are correct. 

The principle of these calculations is sufficiently obvious. The 
sp. gravities represent the weights of equal volumes of the gases : 
taking 100 as the standard voluitie of which the sp. gravity of each 
gas denotes the weight, then 50 volumes of a gas may be indicated 
by half, 25 volumes by a fourth, and 16*66 by a sixth of its sp. 
gravity. Thus hydrosulphuric acid is a compound of 100 volumes 
of hydrogen gas, and 16*66 (^^) of the vapour of sulphur con- 
densed into 100 volumes, and therefore its sp. gravity is 

66480 

O069H =0-069+ 1-1080 = 1-1770. 

6 

Sulphurous acid consists of 100 volumes of oxygen gas and 16*66 
of the vapour of sulphur condensed into 100 volumes ; and hence 
its sp. gravity is 

6 6480 

M025 H =1-1025 -f 1-1080 = 2-2105. 

6 

In these two gases the volume is the same as the hydrogen or 
oxygen which they contain, and therefore their sp. gravities are the 
sum of the weights of their elements. The same applies to water, 
protoxide of nitrogen, and carbonic oxide. In olefiant gas 400 
volumes are condensed into 100, and therefore its sp. gravity is the 
sum of the sp. gravities of its elements. Hydrochloric acid gas 
occupies the same space as its elements, and therefore its sp. gravity 
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k found by taking the mean of their sp. gravities. The same 
remark applies to hydrocyanic acid. In ammonia 400 volumes are 
condensed into 200, and therefore the sum of the sp. gravities is 
halved. 

As vapours are easily condensed by cold, and in many cases 
exist as such only at high temperatures, their sp. gravities may often 
be obtained by calculation more accurately than by experiment. 
Thus it is easier accurately to ascertain the sp. gravity of hydrogen 
and hydrosulphuric acid gases than of the vapour of sulphur ; and 
therefore as soon as experiment has shown that the sp. gravity of 
that vapour is somewhere about 6*6480, then the precise number 
may be calculated. For as 100 volumes of hydrosulphuric acid gas 
contain 100 of hydrogen gas, the sp. gravity of the latter deducted 
from that of the former (1-177 — 0-069), gives 1'108 as the weight 
of combined sulphur. If the eq. volume of sulphur were 100, then 
must 1*108 be its sp. gravity ; but as the number found experi- 
mentally is nearly six times 1*108, the inference is that the real sp. 
gravity is 6 x 1-108 = 6*648, and that its eq. volume is six times 
less than 100, or 16*66. The only assumption here is, that if the 
cq. volume of the vapour is not 100, it must be some multiple or 
submultiple of it by a whole number, consistently with the theory 
of volumes. In the construction of the preceding table I have 
given the sp. gravities of vapours calculated on these principles 
rather than the precise numbers given by experiment. 

6. The volume of a compound gas in reference to the volumes 
of its components is determined by one of the following rules : 

1. One volume of gas united with one volume, yield two volumes 
of the compound. 

2. The volume of the compound gas often has the volume of 
that gas which enters most largely into it by volume. 

8. The volume of the compound gas is equal to the sum of the 
volumes of its components divided generally by 2, but sometimes 
by 4 or 8. 

4. In a few cases the sum of the component volumes must be 
divided by 3. 

CHEMICAL SYMBOLS. 

The impracticability in many cases of contriving convenient 
names expressive of the constitution of chemical compounds, espe- 
cially of minerals, suggested the employment of symbols as an 
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abbreviated mode of denoting the composition of bodies. It was 
thought that the names of elementary substances, instead of being 
written at full length, might often be more conveniently indicated 
by the first letter of their names; and that the combination of 
elements with each other might be expressed by placing together, 
in some way to be agreed on, the letters which represent them. 
The advantage of such a Sjrmbolic language was felt so strongly by 
Berzelius, that he some years ago contrived a set of symbols, which 
he has since used extensively in his writings ; and other eminent 
chemists as well as mineralogists, believing symbols to be useful, 
adopted those which Berzelius had proposed. The consequence 
is, that symbolic expressions, called chemical formuleB^ are now so 
much resorted to, and are so identified with the language of che- 
mistry, that essays of great value are in a measure as sealed books 
to those who cannot read sjrmbols. It is therefore important that 
the chemical student, whatever he may think of the value of sym- 
bols, should not be unacquainted with them. Fortunately, the 
labour of a few minutes will enable him to understand the subject. 
The following table includes the s}Tnbo]s of all the elementary 
substances according to Berzelius. 

TABLE OF SYMBOLS. 



Elements. 


Symb. 
Al 


Elements. 


Symb. 


Elements. 


Symb. 


AlumiDium 


Gold (Aurum) 


Au 


Potassium(Kalium) 


K 


AQtimony(Stibium) 


Sb 


Hydrogen 


H 


Rhodium 


R 


Arsenic 


As 


Iodine 


I 


Selenium . 


Se 


Barium 


Ba 


Iridium 


Ir 


Silicon 


Si 


Bismuth . 


Bi 


Iron (ferrum) 


Fe 


Silver (Argentum) 


Ag 


Boron 


B 


Lead (Plumbum) 


Pb 


Sodium (Natrium) 


A 


Bromine • 


Br 


Lithium . 


L 


Strontium . 


Sr 


Cadmium 


Cd 


Magnesium 


Mg 


Sulphur 
Tellurium . 


S 


Calcium . 


Ca 


Manganese 


Mn 


Te 


Carbon 


C 


Mercury (Hydrar- 




Thorium 


Th 


Cerium 


Ce 


gyrum) 
Molybdenum 


Hg 


Tin (Stannum) 


Sn 


Chlorine 


CI 


Mo 


Titanium 


Ti 


Chromium 


Cr 


Nickel 


Ni 


Tungsten (Wol- 




Cobalt 


Co 


Nitrogen • 


JM 


fram) 


W 


Columbium (Tan- 




Osmium 


Os 


Vanadium 


V 


talum) . 


Ta 


Oxygen 





Uranium 


U 


Copper (Cuprum) 


Cu 


Palladium 


Pd 


Yttrium 


Y 


Fluorine 


F 


Phosphorus 


P 


Zinc . 


Zn 


Glucinium 


G 


Platinum 


PI 


Zirconium 


Zr. 



For the sake of uniformity, and to prevent confusion, it is much 
to be wished that these symbols, being now generally known, should 
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be rigorously adLcred to, Bcrzclius has properly selected tliem 
irom Latin names, as being known to all civilized nations ; and 
when the names of two or more elements begin with the same letter, 
the distinction is made by means of on additional letter. 

The foregoing aymbols are intended to represent the chemical 
eq. of the elements. Thus, the letters H, I, and Ea, stand for 
1 eq. of hydrogen, iodine, and barium ; and 2 H, 3 H, and 4 H, 
for 2, S, and 4 eq. of hydrogen. Two eq. of an element are often 
denoted by placing a dash through or under its symbol : for instance, 
H or H means 2 H, and P or P signifies 2 P. Certain compounds 
are often, for the sake of brevity, denoted by single symbols in the 
same manner as the elements : thus an eq. of water, ammonia, and 
cyanogen, is sometimes expressed by Aq, Am, and Cy; but in 
general the formulte for compound bodies are so contrived as to 
indicate the elements they contain, and the mode in which they 
are united. This may be done in several ways ; but that which 
first suggests itself is, to connect together the symbols by the same 
signs as are used in Algebra. Thus the formolte K + O, Ca + O, 
Ba + 0, Mn + 0, Fe+O, 2Fe + 30, 3H+N, 2H+2C, 
C + 20, N + 50, S+3 0, and H + Cl, denote single eq. of 
potassa, lime, baryta, protoxide of manganese, protoxide of iron, 
perojide of iron, ammonia, olefia,nt gas, carbonic acid, nitric acid, 
sulphuric acid, and hydrochloric acid. The formula K + N + 6 
indicates the elements which are contained in an eq. of nitrate of 
potassa : in order to express further that the potassium is combined 
with only 1 eq. of oxygen, the remaining oxygen with the nitrogen, 
and the potassa with nitric acid, the symbols ai'e placed thus, 
(K + 0)-i-{N + 50), the brackets containing the symbols of those 
elements which are supposed to be united. A number placed on 
the outside of a bracket multiplies the compound within it : thus 
(K + 0) + (S+30) is sulphate of potassa, and (K+0)+2 
(S+3 0) is the bisulphate. All the elements contained in a com- 
pound are thus visibly represented, and the chemist is able readily 
to trace all possible modes of conubination, and to select that which 
is most in harmony with the facts and principles of his science. 
He may, and often does, thereby detect relations which might 
otherwise have esc^ed notice. 

Another advantage attributable to such formula is, that they 
facilitate the comprehension of chemical clianges. If hydro-sul- 
phuric acid acts upon the protoxide of lead, it is easy to eay that 
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the sulphur combines with the lead and the hydrogen with the 
oxygen ; but the exact adaptation of the quantities for mutual 
interchange appears to me more clearly shown by symbols than by 
a description or a diagram, both of which are apt to produce confu- 
sion where the change to be explained is complex. In the simple 
instance alluded to, H -h S reacts on Pb + O, and the products are 
Pb + S and H -f O. When hydrosulphuric acid acts on bicyanuiet 
of mercury, the result is bisulphuret of mercury and hydrocyanic 
acid : the substances which interchange elements are 2 (H + S) 
and Hg + 2 Cy ; and the products are Hg + 2 S, and 2(H + Cy). 
In more complicated changes the advantage of chemical formulse 
is still more manifest, examples of which kind will be found in the 
section on cyanogen, and in other parts of this volume. 

Useful as the algebraic chemical formulae are for the purpose of 
studying chemical changes, they are sometimes found inconveni- 
ently long where the object is merely to express the composition of 
bodies, and accordingly Berzelius has introduced several abbrevia- 
tions. For instance, he indicates degrees of oxidation by dots 

• •• • • • 

placed over the symbol, writing K, C, N, instead of K -f 0, 
C -f 20, N -h 50, for potassa, carbonic acid, and nitric acid. In 
like manner he denotes compounds of sulphur by commas, writing 

k, Hg, H instead of K + S, Hg + 2 S, H -h S, for sulphu- 
ret of potassium, bisulphuret of mercury, and hydrosulphuric acid. 
When the ratio is that of 2 to 8 he employs the symbol for two 

• • • • 

eq. above stated: thus, Fe, P, As, is used instead of 2 FeH-80, 
2 P + 50, 2 As + 50, for an equivalent of peroxide of iron, 
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phosphoric acid, and arsenic acid ; and similarly we have As, As, 
instead of 2 A s + 8 S, 2As + 5 S for the sesquisulphuret and 
persulphuret of arsenic. These last formulae are sometimes used 
to indicate two eq. instead of one ; but as, agreeably to the atomic 
theory, the smallest possible particle of peroxide of iron consists of 
2 atoms of iron and 8 of oxygen, the formula 2 Fe + 80 ought 
to stand for 1 eq. only. 

Berzelius often dispenses with the sign + , and writes combined 
elements side by side, the sign of addition being understood in- 

• • • » • • • 

stead of expressed. Thus he uses HO, KO, FeS, Ca C, Ba N, 
k's + Nisi instead of H + O, K + O, Fe + S, Ca + C, 
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Ba 4- N, (K -f S,) -|- (Ni -|- S), for water, potassa, sulpliuret 
of iron, carbonate of lime, nitrate of baryta, and the double sul- 
phate of potassa and oxide of nickel. Two or more equivalents of 
one constituent of a compound are denoted by numbers placed 
in the same position as the indices of powers in algebra: thus 

NH', NC^ FeS H^ is the abbreviation of N -h 3H, N + 2C, 

• • • m 

^Fe, + SU for ammonia, cyanogen, and sesquihydrate of iron, a 
compound of 2 eq. of peroxide of iron and 3 of water. A number 
used before symbols, like coefficients in algebra, multiplies all the 
following symbols not separated from it by a + sign. Thus in 

8 Ca Si-i-KS^ -I- 16 aq. (which is the formula for the mineral 

• • • • 

called apophyllite) the 8 denotes 8 eq. of Ca Si, or silicate of lime, 

which are united with 1 eq. of bisilicate of potassa, and 16 of water. 

Berzelius also expresses the vegetable and animal acids by 

the first letter of their name, with a dash over it. Thus 

T, A, C, B, G, F, are the symbols for tartaric, acetic, citric, 
benzoic, gallic, and formic acids. 

Several objections, some of which are of great weight, have been 
made to this system of symbols, and various modifications have 
been proposed by different authors. Among these, that which has 
been adopted by Liebig and PoggendorfF in their chemical diction- 
ary, combine more successfully than any other the requisite clear- 
ness, brevity, and generality, and will be used in this work. The 
changes which have been made will readily be seen by comparing the 
accompanying symbols of apophyllite 8 (Ca O, SiOg) + KO, SSiO, 
+16 aq. with that of Berzelius for the same mineral. From this ex- 
ample it will be observed that this system of symbols is based upon 
the following principles : — ^that the numbers a little below and to the 
right of the symbols, eflfect those only to which they are immedi- 
ately attached, while those which are written before the symbol 
efiect all that follow as far as the next full stop or sign of addition ; 
if a figure be placed before a parenthesis it applies to all contained 
within it. Owing to these various abbreviations the same com- 
pound may be written in different ways. Thus the constitution 

of a crystal of alum is represented by K S + ^1 S^ + 24 H, or 
KO, SOg -h AI2 O3, 3SO3 + 24 aq. This certainly tends to 
confuse a beginner ; but the methods are so simple that a very 
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little practice, guided by the numerous examples dispersed tlirougli 
these pages, will remove all difficulty. 

The sjrmbol aq. which has been used for water instead of HO, or H 
requires particular attention. Many substances in crystallizing 
from an aqueous solution combine during the act of solidification 
with a definite quantity of water, which, firom being essential to the 
existence of the crystal, has been called the water of crystallization. 
This water is but feebly retained, the compound frequently under- 
going spontaneous decomposition, and never withstanding a mode* 
rate increase of temperature, or exposure to a diminished atmo- 
spheric pressure, the crystal at the same time losing its transparency 
and frequently falling into powder. In other cases the compounds 
containing water are much more permanent, and may exist either in the 
gaseous, liquid, or solid state : these compounds are called hydrates. 
For the purpose of distinguishing water in different states of com- 
bination, Liebig and Poggendorff* propose to express water of crystal- 
lization by aq. while hydratic water is denoted by an h attached to 

the symbol of the substance containing it. Thus A being the 

symbol of acetic acid, Ajj is the symbol of the hydrate : similarly 

the symbol M^O, Mj, + 4 aq. denotes the malate of magnesia and 
five eq. of water, but distinguishes four of these as water of crys- 
tallization, while the fifth is united with the malic acid and forms 
with it a hydrate. The symbol HO is used in doubtful cases, and 
when changes effected by chemical action are explained. 

ISOMERIC BODIES. 

It was formerly thought that the same elements united in the 
same ratio must always give rise to the same compound ; but 
within these few years several examples have been discovered of 
two or even more substances containing the same elements in the 
same ratio, and yet exhibiting chemical properties distinct from 
each other. For such compounds Berzelius has suggested the 
general appellation of isomeric^ from laog equals and fjbsgog part, 
expressive of equality in the ingredients. Interesting instances of 
this kind are the two cyanic acids, which consist of cyanogen and 
oxygen in the same ratio, and have the same equivalent, yet differ 
widely in their chemical properties ; and a similar example is 
afforded by the tartaric and paratartaric acids. Para from Tugcc 
near to^ is prefixed in order to mark the relation to tartaric acid, 
a principle of nomenclature which is extended to other cases. 
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Unexpected as was the discovery of isomerism, it is quite con- 
sistent with our theories of chemical union, insomuch as the same 
elements may be grouped or combined in different ways, and there- 
by give rise to compounds essentially distinct. Thus the elements 
of sulphate of potassa may perhaps be united indiscriminately with 
each other, as expressed by the formula KSO4 ? or they may form 
KO + SOj ; or KS + O4 ; or KOj + SO2 ; and other combina- 
tic^s might be made. The second of these is thought to be the real 
one ; but no one can say that the others are impracticable. Again, 
tke elements of peroxide of tin, Sn and 20, may either form 
SnOj, or SnO + O ; and those of the peroxide of iron, 2Pe and 
80, may either be FcjOg, or FeO + FeOg, not to mention 
other possible combinations. The elements of alcohol are 4C, 
6H, and 20, which may be united indiscriminately as HgC402, 
HeC^ + 20, H5C4O + HO, or H4C4 + 2H0, besides others. 

Some bodies consist of the same elements in the same ratio, and 
yet differ in their equivalents. A marked example is supplied by 
olefiant gas and etherine, the former of which contains 200 volumes 
of carbon vapour and 200 of hydrogen gas condensed into 100 
volumes, and the latter of 400 volumes of carbon vapour and 
400 of hydrogen gas, united so as to yield 100 volumes of ethe- 
rine. The equivalent of olefiant gas is 14*24, and that of etherine 
28*48, or exactly double. A similar case will be found in the 
description of cyanuric acid. The nature of these compounds is 
at once detected by their equivalents being unlike, and by the 
volume which they occupy as gases compared with the volumes of 
the elements of which they consist. Isomeric bodies of this kind are 
obviously much less intimately allied than those above described. 

SECTION III. 

OXYGEN. 

tftsfory.— Discovered by Priestley in 1774, and by Scheele a 
year or two after, without previous knowledge of Priestley ""s dis- 
covery. It was termed Dephlogisttcated air by Priestley, Empy^ 
real air by Scheele, and Vital air by Condorcet. The name it 
BLOW bears, derived from the Greek words o^vg acid and yzvvuv 
to generate^ was proposed by Lavoisier, who considered it the sole 

cause of acidity. 

11 
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Preparah'on.»-Froin seveial sources, the peroxides of manganese, 
lead, and mercury, nitre, and chlorate of potassa, yield it in large 
quantities when they are exposed to a red heat. The substances 
commonly employed for the purpose are peroxide of manganese 
and chlorate of potassa. It may be procured firom the former in 
two ways ; either by heating it to redness in a gun-barrel, or in a 
retort of iron or earthenware ^ or by putting it in fine powder into 
a flask with about an equal weight of concentrated sulphuric acid, 
and heating the mixture by means of a lamp. To understand the 
theory of these processes, it is necessary to bear in mind the com- 
position of the three following oxides of manganese :-«- 

Manganese. Oxygen. 

Protoxide . 27*7 or 1 equiv. + 8 . s=d5*7 

Sesquioxide . 27-7 + 12 . =39«7 

Peroxide . 27-7 + 16 . =43-7 

On applying a red heat to the last, it parts with half an equiva- 
lent of oxygen, and is converted into the sesquioxide. Every 43*7 
grains of the peroxide will therefore lose, if quite pure, 4 grains of 
oxygen, or nearly 12 cubic inches ; and one ounce will yield about 
128 cubic inches of gas. With sulphuric acid the peroxide loses 
a whole eq. of oxygen, and is converted into the protoxide, which 
unites with the acid, forming a sulphate of the protoxide of man- 
ganese. Every 43*7 grains of peroxide yields 8 grains of oxygen 
and 35*7 of protoxide, which by uniting with one eq. (40) of the 
acid, forms 75*7 of the sulphate. The first of these processes 
is the most convenient in practice. 

The gas obtained &om peroxide of manganese, though hardly 
ever quite pure, owing to the presence of iron, carbonate of 
lime, and other earthy substances, is sufficiently good for ordinary 
purposes. It yields a gas of better quality, if previously freed 
from carbonate of lime by dilute hydrochloric or nitric acid ; but 
when oxygen of great purity is required, it is better to obtain it 
from chlorate of potassa. For this purpose, the salt should be 
put into a retort of green glass, or of white glass made without 
lead, and be heated nearly to redness. It first becomes liquid, 
though quite free from water, and then, on increase of heat, is 
wholly resolved into pure oxygen gas, which escapes with efferves- 
cence, and into a white compound, called chloride of potassium, 
which is left in the retort, The composition of the chloric acid 
and potassa which constitute the salt, is stated below : — 



OXYGEN, g4S 

Chlorine . 35*42 or 1 eq. Potassium . 39*15 or I eq. 

Oxygen • 40 or 5 eq. Oxygen . 8 or 1 eq. 

Chloric acid . 75*42 or 1 eq. Potassa . 47*15 or 1 eq. 

Hence the oxygen which passes over from the retort, is derived 
partly from the potassa and partly from the chloric acid ; while 
chlorine and potassium enter into combination. Thus are 122*57 
grains of the chlorate resolved into 74*57 grains of chloride of po- 
tassium, and 48 grains, or about 161 cubic inches, of pure oxygen. 

Propcr/ie«.— Colourless, tasteless, inodorous ; feeble refraction 
of light ; non-conductor of electricity ; heavier than atmospheric 
air, sp. gr. being estimated at 1*1026 by Dulong and Berzelius, so 
that 100 cubic inches weigh at 60*» and 80' Bar. 84193 grains. It 
is alwap gaseous when not combined with other ponderable matter ; 
though even in its simplest form it is associated, like other elemen- 
tary principles, with the agents productive of heat, light, and elec- 
tricity. Like all gases it emits a strong heat when suddenly com- 
pressed : light also appears ; but this is solely due to its chemical 
action on the oil with which the compressing tube is lubricated. It 
is the most perfect — electric, always appearing at the + electrode 
when any of its compounds is electrolized ; is sparingly absorbed 
by water, which dissolves only 8 or 4 per cent, of the gas ; is neither 
acid nor alkaline, as it does not change the colour of blue flowers, 
nor evince a disposition to unite directly either with acids or alka- 
lies. It has a very powerful attraction for most simple substances ; 
and there is not one of them with which it may not be made to 
combine. The act of combining with oxygen is called oxidation^ 
and bodies which have united with it are said to be oxidized. The 
compounds so formed are divided by chemists into acids and oxides. 
The former division includes those compounds which possess the 
general properties of acids ; and the latter comprehends those which 
not only want that character, but of which many are highly alka- 
line, and jdeld salts by uniting with acids. The phenomena of 
oxidation are variable. It is sometimes produced with great ra- 
pidity, and with evolution of heat and light. Ordinary combus- 
tion, for instance, is nothing more than rapid oxidation ; and all in- 
flammable or combustible substances derive their power of burning 
in the open air from their affinity for oxygen. On other occasions 
it takes place slowly, and without any appearance either of heat or 
light, as in the rusting of iron by moist air. Different as these 
processes may appear, oxidation is the result of both ; and both 

R 2 
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depend on the same circumstance, namely, the presence of oxygen 
in the atmosphere. 

All substances that are capable of burning in the open air, bum 
with far greater brilliancy in oxygen gas. A piece of wood, on 
which the least spark of light is visible, bursts into flame the 
moment it is put into a jar of oxygen ; lighted charcoal emits beau- 
tiful scintillations; and phosphorus bums with so powerful and 
dazzling a light that the eye cannot bear its impression. Even iron 
and steel, which are not commonly ranked among the inflammables, 
undergo rapid combustion in oxygen gas. 

The changes that accompany these phenomena are no less re- 
markable than the phenomena themselves. When a lighted taper 
is put into a vessel of oxygen gas, it bums for a while with increased 
splendour ; but the size of the flame soon begins to diminish, and 
if the mouth of the jar be closed, the light will in a short time dis- 
appear entirely. The gas has now lost its characteristic property ; 
for a second lighted taper, immersed in it, is instantly extinguished. 
This result is general. The burning of one body in a given por- 
tion of oxygen unfits it more or less completely for supporting the 
combustion of another ; and the reason is manifest. Combustion 
is produced by the combination of inflammable matter with oxygen. 
The quantity of free oxygen, therefore, diminishes during the pro- 
cess, and is at length nearly or quite exhausted. The burning of 
all bodies, however inflammable, must then cease, because the 
presence of oxygen is necessary to its continuance. For this 
reason oxygen gas is called a supporter of combustion. Oxygen 
often loses its gaseous form as well as its other properties. 
If phosphorus or iron be bumed in a jar of pure oxygen over water 
or mercury, the disappearance of the gas becomes obvious by the 
ascent of the liquid, which is forced up by the pressure of the at- 
mosphere, and fills the vessel. Sometimes, on the contrary, the 
oxygen gas suffers diminution of volume only, or it may even 
undergo no change of bulk at all, as is exemplified by the combus- 
tion of the diamond. 

The changes experienced by the buming body are equally strik- 
ing. While the oxygen loses its power of supporting combustion, 
the inflammable substance lays aside its combustibility. It is then 
an oxidized body, and cannot be made to bum even by aid of the 
purest oxygen gas. It has also increased in weight. It is an error 
to suppose that bodies lose any thing while they bum. The ma- 
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terials of our fires and candles do indeed disappear, but they are not 
destroyed. Altliough they fly off in the gaseous form, and are 
commonly lost to us, it is not difficult to collect and preserve all 
the products of combustion. When this is done with the required 
care, the combustible matter is always found to weigh more after 
than before combustion ; and^the increase in weight is exactly equal 
to the quantity of oxygen which has disappeared during the process. 

Oxygen gas is necessary to respiration. No animal can live in 
an atmosphere which does not contain a certain portion of uncom- 
bined oxygen ; for an animal soon dies if put into a portion of 
air from which the oxygen has been previously removed by a burn- 
ing body. Oxygen disappears during respiration. If a bird be 
confined in a limited quantity of atmospheric air, it will at first feel 
no inconvenience ; but as a portion of oxygen i& withdrawn at each 
inspiration, its quantity diminishes rapidly, so that respiration soon 
becomes laborious, and in a short time ceases altogether. Should 
another bird be then introduced into the same air, it will die in the 
course of a few seconds ; or if a lighted candle be immersed in it, its 
flame will be extinguished. Respiration and combustion have 
therefore the same effect. An animal cannot live in an atmosphere 
which is unable to support combustion ; nor, in general, can a 
candle bum in air which contains too little oxygen for respiration. 

It is singular that, though oxygen is necessary to respiration, in 
a state of purity it is deleterious. When an animal, as a rabbit 
for example, breathes pure oxygen gas, no inconvenience is at first 
perceived ; but after the interval of an hour or more the circulation 
and respiration become very rapid, and the system in general is 
highly excited. Symptoms of debility subsequently ensue, follow- 
ed by insensibility ; and death occurs in six, ten, or twelve hours. 
On examination after death, the blood is found highly florid in 
every part of the body, and the heart acts strongly even after the 
breathing has ceased* For these experiments we are indebted to 
Broughton. Its eq. is = 8 ; eq. vol. = 60 ; symb. O. 

THEORY OF COMBUSTION. 

The only phenomena of combustion noticed by an ordinary ob- 
server, are the destruction of the burning body, and the develope- 
ment of heat and light ; but it has been demonstrated that in addi- 
tion to these circumstances, oxygen gas invariably disappears, and 
a new compound consisting of oxygen and the combustible is gene- 
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rated. The term combustion, therefore, in its common significa- 
tion, implies the rapid union of oxygen gas and combustible mat- 
ter, accompanied with heat and light. As the evolution of heat 
and light is dependent on chemical action, the same phenomena 
may be expected in other chemical processes ; and accordingly 
heat and light are frequently emitted quite independently of oxygen. 
Thus phosphorus takes fire, and a taper bums for a short time, in 
a vessel of chlorine ; and several of the common metals, such as 
copper, antimony, and. arsenic, in a state of fine division, become 
red hot when introduced into a jar of that gas. Potassium takes fire 
in cyanogen gas ; and copper leaf or iron wire, if moderately heated, 
undergoes the same change in the vapour of sulphur. A mixture 
of iron filings and sulphur, when heated so as to bring the latter 
into perfect fusion, emits intense heat and light at the instant of 
combination ; and a like effect, though in a far less degree, is pro- 
duced by the action of concentrated sulphuric acid on pure mag« 
nesia. Most of these and similar examples, especially when one of 
the combining substances is gaseous, are frequently included under 
the idea of combustion ; and they certainly belong to the same 
class of phenomena. In the subsequent observations, however, I 
shall employ the term in its ordinary sense ; but the remarks con* 
ceming increase of temperature, whether with or without light, 
apply equally to all cases where heat is developed as a result of 
chemical action. 

For many years prior to the discovery of oxygen gas, the phe- 
nomena of combustion were explained on the Stahlian or phlogistic 
hypothesis. All combustible bodies, according to Stahl, contain a 
certain principle which he called phlogiston^ to the presence of 
which he ascribed their combustibility. He supposed that when a 
body bums, phlogiston escapes from it ; and that when the body 
has lost phlogiston, it ceases to be combustible, and is then a 
dephlogisticated or incombustible substance. A metallic oxide 
was consequently regarded as a simple substance, and the metal 
itself as a compoimd of its oxide with phlogiston. The heat and 
light which accompany combustion were attributed to the rapidity 
with which phlogiston is evolved during the process. 

The discovery of oxygen proved fatal to the Stahlian doctrine. 
Lavoisier had the honour of overthrowing it, and of substituting in 
its place the antiphlogistic theory. The basis of his doctrine has 
already been stated, — that combustion and oxidation in general 
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consist in the combination of combustible matter with oxygen. 
This fact he established beyond a doubt. On burning phosphorus 
in a jar of oxygen, he observed that a considerable quantity of the 
gas disappeared, that the phosphorus gained materially in weight, 
and that the increase of the latter exactly corresponded to the loss 
of the former. An iron wire was burnt in a similar manner, and 
the weight of the oxidized iron was found equal to that of the wire 
originally employed, added to the quantity of oxygen which had 
disappeared. That the oxygen is really present in the oxidized 
body he proved by a very decisive experiment. Some liquid mer- 
cury was c(mfined in a vessel of oxygen gas, and exposed to a tem- 
perature sufficient for causing its oxidation. The oxide of mercury, 
so produced, was put into a small retort and heated to redness, 
when it was reconverted into oxygen and fluid mercury, the quan- 
tity of the oxygen being exactly equal to that which had combined 
with the mercury in the first part of the operation. 

To account for the production of heat and light during combus- 
tion, Lavoisier had recourse to Black^s Theory of latent heat. 
Heat is always evolved when a substance, without change of form, 
passes from a rarer into a denser state, and also when a gas becomes 
liquid or solid, or a liquid solidifies ; because a quantity of heat 
previously combined, or latent, within it, is then set free. Now 
this is precisely what happens in many instances of combustion. 
Thus water is formed by the burning of hydrogen, in which case 
two gases give rise to a liquid ; and in forming phosphoric acid 
with phosphorus, or in oxidizing metals, oxygen is condensed into 
a solid. When the product of combustion is gaseous, as in the 
burning of charcoal, the evolution of heat is ascribed to the circum- 
stance that the oxidized body contains a smaller quantity of com^* 
bined heat, or has a smaller sp. heat, than the substances by which 
it is produced. 

This is the weak point of Lavoisier^s theory. Chemical action 
is very often accompanied by increase of temperature, and the heat 
evolved during combustion is only a particular instance of it. Any 
theory, therefore, by which it is proposed to account for the pro- 
duction of heat in some cases, ought to be applicable to all. When 
combustion, or any other chemical action, is followed by considerable 
condensation, in consequence of which the new body contains less 
insensible heat than its elements did before combination, it is ob- 
vious that heat will, in that case, be disengaged. But if this were 
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tlie sole cause of the phenomenon, a rise of temperature should 
always be preceded by a corresponding diminution of sp. heat, and 
the extent of the former ought to be in a constant ratio with the 
degree of the latter. Now Petit and Dulong infer from their re- 
searches on this subject (An. de Ch. et Ph. x.), that the degree 
of heat developed during combination, bears no relation to the sp. 
heat of the combining substances ; and that in the majority of 
cases, the evolution of heat is not attended by any diminution in 
the sp. heat of the compound. It is a vrell-known fact, that in- 
crease of temperature frequently attends chemical action, though 
the products contain much more insensible heat than the substances 
from which they were formed. This happens remarkably in the ex- 
plosion of gunpowder, which is attended by intense heat ; and yet 
its materials, in passing from the solid to the gaseous state, expand 
to at least 250 times their volume, and consequently render latent 
a large quantity of heat. 

These circumstances leave no doubt that the evolution of heat 
during chemical action is owing to some cause quite unconnected 
with that assigned by Lavoisier ; and if this cause operates so 
powerfully in some cases, it is fair to infer that part of the effect 
must be owing to it on those occasions, when the phenomena appear 
to depend on change of sp. heat alone. A new theory is therefore 
required to account for the chemical production of heat. But it is 
easier to perceive the fallacies of one doctrine, than to substitute 
another which shall be faultless ; and it appears to me that chemists 
must, for the present, be satisfied with the simple statement, that 
energetic chemical action does of itself give rise to increase of tem- 
perature. Berzelius, in adopting the electro-chemical theory, re- 
gards the heat of combination as an electrical phenomenon, believ- 
ing it to arise from the oppositely electrical substances neutralizing 
one another, in the same manner as the electric equilibrium is re- 
stored during the discharge of a Leyden jar. Electrical action cer- 
tainly appears to be an essential part of every chemical change, and 
it is probable that the heat developed during the latter may be due 
to the former ; but this part of science is as yet too imperfect for 
indicating the precise mode by which the effect is produced. 

The heat emitted during combustion varies with the nature of 
the material. The effect of the combustible gases in raising the 
temperature of water, according to the experiments of Dalton, is 
shown in the following table. — (Chemical Philosophy, ii. 309.) 
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Hydrogen, in burning, raises an equal volume of water . 5® F. 

Carbonic oxide .... 44 

Light carburetted hydrogen . . . 18 

Olefiant gas • . . . 27 

Coal gas, varies with the quality of the gas from . 10 to 16 

Oil gas, varies also with the quality of the gas from . 12 to 20 

Dalton further states that generally the combustible gases give 
out heat nearly in proportion to the oxygen which they consume. 

Despretz has given a notice of some experiments on the heat de- 
veloped in combustion (An. de Ch. et Ph. xxxvii. 180). The 
substances burned were hydrogen, carbon, phosphorus, and several 
metals ; and so much of each was employed, as to require the same 
quantity of oxygen. When the combustion of hydrogen gas pro- 
duced £578 degrees of heat, carbon gave out 2967, and iron 5325. 
Phosphorus, zinc, and tin, emit quantities of heat very nearly the 
same as iron. Hence it follows that, for equal quantities of oxygen, 
hydrogen in burning evolves less heat than most other substances. 
These results do not accord with those of Dalton. 

SECTION IV. 

HYDROGEN. 

Hist — First cowectly described in 1766 by Cavendish (Phil. 
Trans. Ivi. 144), under the name of inflammable air. It had been 
previously confounded with other combustible gases, and it was by 
£k>me called phlogiston^ from the notion that it is the matter of 
heat. Its present name is derived from viofg water ^ and yivvuv to 
generate. 

Prep.— Commonly in two ways. The first consists in passing 
the vapour of water over metallic iron heated to redness. This 
is done by putting iron wire into a gun-barrel open at both 
ends, to one of which is attached a retort containing pure water, 
and to the other a bent tube. The gun-barrel is placed in a 
furnace, and when it has acquired a full red heat, the water in the 
retort is made to boil briskly. The gas, which is copiously disen- 
gaged as soon as the steam comes in contact with the glowing iron, 
passes along the bent tube, and may be collected in convenient ves- 
sels, by dipping the free extremity of the tube into the water of a 
pneumatic trough. The second and more convenient method con- 
^sts in putting pieces of iron or zinc into dilute sulphuric acid, 
formed of one part of strong acid and four or five of water. Zinc 
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is generally preferred. The hydrogen obtained in these processes 
is not absolutely pure. The gas evolved during the solution of 
iron has an offensive odour, ascribed by Berzelius to the presence 
of a volatile oil, which may be almost entirely removed by trans- 
mitting the gas through alcohol. The oil appears to arise fix>m 
some compound being formed between hydrogen and the carbon 
which is always contained even in the purest kinds of common iron ; 
and it is probable that a little carburetted hydrogen gas is generated 
at the same time. The zinc of commerce contains sulphur, and 
almost always traces of charcoal, in consequence of which it is con- 
taminated with hydro-sulphuric acid, and probably with the same 
impurities, though in a less degree, as are derived from iron. A 
little metallic zinc is also contained in it, apparently in combination 
with hydrogen. All these impurities, carburetted hydrogen ex- 
cepted, may be removed by passing the hydrogen through a solu- 
tion of pure potassa. To obtain hydrogen of great purity, distilled 
zinc should be employed. 

Prop. — Colourless, inodorous, tasteless ; always gaseous when 
uncombined ; a powerful refractor of light ; the lightest body in 
nature, and hence the best material for filling balloons. From its 
extreme lightness it is difficult to ascertain its sp. gr. by weighing, 
because the presence of minute quantities of common air or watery 
vapour occasions considerable error. By the table of sp. gravities 
(page ^Sl) it appears that hydrogen gas is just 16 times lighter 
than oxygen, an inference derived from the composition of water to 
be shortly stated: hence 100 C. I. 60° and 80 Bar. should weigh 
^^ X 84-198 = 2-1371 grains, and its sp. gr. should be 0-06896, 

It is neither acid nor alkaline. Water dissolves only li. per cent, 
of its volume. It cannot support respiration : death ensues from 
deprivation of oxygen rather than from any noxious quality of the 
hydrogen, since an atmosphere composed of a due proportion of 
oxygen and hydrogen gases may be respired without inconvenience. 
Nor is it a supporter of combustion ; for when a lighted candle 
fixed on wire is passed up into an inverted jar full of hydrogen gas, 
the light instantly disappears. 

Hydrogen gas is inflammable in an eminent degree, though, like 
other combustibles, it requires the aid. of a supporter of combustioUi 
burning only where it is in contact with the air. Its combustions^ 
when conducted in this manner, goes on tranquilly, and is attended 
with a yellowish blue flame and a very feeble light. The phenomena 
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are different when the hydrogen is previously mixed with a due 
quantity of air. The approach of flame not only sets fire to the 
gas near it, but the whole is kindled at the same instant ; and a 
flash of light passes through the mixture, followed by a violent 
explosion. The best proportion for the experiment is two measures 
of hydrogen to five or six of air. The explosion is far more violent 
when pure oxygen is used instead of atmospheric air, particularly 
when the gases are mixed together in the ratio of one measure of 
oxygen to two of hydrogen. 

Oxygen and hydrogen gases cannot combine at ordinary tempe^ 
latures, and may, therefore, be kept in a state of mixture without 
even gradual combination taking place between them. Hydrogen 
may be set on fire, when in contact with air or oxygen gas, by flame, 
by a solid body heated to bright redness, and by the electric spark. 
If a jet of hydrogen gas be thrown upon recently prepared spongy 
platinum, this metal almost instantly becomes red hot, and then 
sets fire to the gas, a discovery which was made in the year 1824 
by Professor Doebereiner of Jena. The power of flame and elec- 
tricity in causing a mixture of hydrogen with air or oxygen gas to 
explode, is limited. Mr. Cavendish found that flame occasions a 
very feeble explosion when the hydrogen is mixed with nine times 
its bulk of air ; and that a mixture of four measures of hydrogen 
with one of air does not explode at all. An explosive mixture 
fonned of two measures of hydrogen and one of oxygen gas, explodes 
from all the causes above enumerated. Biot found that sudden 
and violent compression likewise causes an explosion, apparently 
from the heat emitted during the operation ; for an equal degree 
of condensation, slowly produced, has not the same effect. The 
electric spark ceases to cause detonation when the explosive mixture 
is diluted with twelve times its volume of air, fourteen of oxygen, 
or nine of hydrogen ; or when it is expanded to sixteen times its 
bulk by diminished pressure. Spongy platinum acts just as rapidly 
as flame or the electric spark in producing explosion, provided the 
gases are quite pure and mixed in the exact ratio of two to one.* 
Mr. Faraday finds that platinum foil, if perfectly clean, produces 

* For ft vftriety of &ct8 respecting tlte causes which prevent the action of flame, 
electricity, ftnd platinum in producing detonation, the reader may consult the Essay of 
M. Grotthus in the Ann. de Chimie, vol. Ixxzii. ; Sir H. Davy's work on Flame ; Du 
Henry's Essay in the Philosophical Transactions for 1824 ; and a paper by myself in 
the Edinburgh Philosophical Journal for the same year. 
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gradual though rather rapid combination of the gases, often followed 
by explosion. (Phil. Trans, 1884.) 

When the action of heat, the electric spark, and spongy platinum 
no longer cause explosion, a silent and gradual combination between 
the gases may still be occasioned by them. Sir H. Davy observed 
that oxygen and hydrogen gases unite slowly with one another, 
when they are exposed to a temperature above the boiling point of 
mercury, and below that at which glass begins to appear luminous 
in the dark. An explosive mixture diluted with air to too great a 
degree to explode by electricity, is made to unite silently by a suc- 
cession of electric sparks. Spongy platinum causes them to unite 
slowly, though mixed with one hundred times their bulk of oxygen 
gas. 

A large quantity of heat is evolved during the combustion of 
hydrogen gas. Lavoisier concludes from experiments made with his 
calorimeter, (Elements, vol. i.) that one pound of hydrogen occasions 
as much heat in burning as is sufficient to melt 295*6 pounds of 
ice. Dr. Dalton fixes the quantity of ice at 820 pounds, and Dr. 
Crawford at 480. The most intense heat that can be produced, iS 
caused by the combustion of hydrogen in oxygen gas. Dr. Hare 
of Philadelphia, who first burned hydrogen for this purpose, collected 
the gases in separate gas-holders, from which a stream was made to 
issue through tubes communicating with each other, just before 
their termination. At this point the jet of the mixed gases was 
inflamed. The effect of the combustion, though very great, is 
materially increased by forcing the two gases in due proportion into 
a strong metallic vessel by means of a condensing syringe, and set- 
ting fire to a jet of the mixture as it issues. An apparatus of this 
kind, now known by the name of the oxy-hydrogen blowpipe, was 
contrived by Mr. Newman, and employed by the late Professor 
Clarke in his experiments on the fusion of refractory substances. 
On opening a stop-cock which confines the compressed gases, a jet 
of the explosive mixture issues with force through a small blowpipe 
tube, at the extremity of which it is kindled. In' this state, how- 
ever, the apparatus should never be used ; for as the reservoir is 
itself full of an explosive mixture, there is great danger of the flame 
running back along the tube, and setting fire to the whole gas at 
once. To prevent the occurrence of such an accident, which would 
most probably prove fatal to the operator. Professor Cumming pro- 
posed that the gas, as it issues from the reservoir, should be made 
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to pass through a cylinder full of oil or water before reaching the 
point at which it is to bum ; and Dr. Wollaston suggested the 
additional precaution of fixing successive layers of fine wire gauze 
within the exit tube, each of which would be capable of intercepting 
the communication of flame. A modification of this apparatus has 
been devised by Mr. Gumey; but both his and Newman*'s are 
rendered unnecessary by the safety tube lately proposed by Mr. 
Hemming. It consists of a brass cylinder, about 6 inches long, 
and 8-4th8 of an inch wide, filled with very fine brass wire in length 
equal to that of the tube. A pointed rod of metal, l-8th of an 
inch thick, is then forcibly inserted through the centre of the bundle 
of wires in the tube, so as to wedge them tightly together. The 
interstices between the wires thus constitute very fine metallic 
tubes, the conducting power of which is so great as entirely to 
intercept the passage of flame. The mixed gases are supplied from 
a common bladder. (Phil. Mag. 8rd S. i. 82.) A very intense 
heat may be safely and easily procured by passing a jet of oxygen 
gas through the flame of a spirit lamp, as proposed by the late Dr. 
Marcet. An elegant improvement on this principle has been de- 
vised by Mr. Daniell, by fixing a jet for conveying oxygen within 
another jet for hydrogen or coal gas, so that a current of oxygen 
may be introduced into the middle of the flame. (Phil. Mag. ii. 
57. 8rd Series.) The heat from this apparatus is quite sufficient 
for most purposes ; and it may be still further increased by causing 
the gases to pass separately through heated tubes, in order that 
they may have a temperature of 400° or 500* on issuing from the 
jets. — On this principle is founded the patent of Mr. Dunlop, of 
the Carron Iron Works, for increasing the temperature of blast 
furnaces : the air which supports the combustion is previously heated 
by transmission through iron tubes kept at a low red heat, whereby 
the power of the furnaces is surprisingly increased, and a great 
saving in fuel and time is accomplished. 

Its eq. is = 1 ; eq. vol. =: 100 ; Symb. H. Compounds with 
oxygen : — 

By Weiglit. By Volume. 

Hydrogen. Oxygen. Equiv. Hyd. Oxy. 

Water (Protoxide of Hydrogen) 1 or 1 eq. + 8 or 1 eq. = 9 100 50 

Peroxide of Hydrogen 1 or 1 eq. +16 or 2 eq. ■= 17 100 100 

TTafcr.— First proved by Cavendish to be the sole product of the 
combustion of hydrogen gas. He demonstrated it by burning oxyr 
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gen and hydrogen gases in a dry glass vessel, when a quantity of 
pure water was generated, exactly equal in weight to that of the 
gases which had disappeared. This experiment, which is the 
synthetic proof of the composition of water, was afterwards made on 
a much larger scale in Paris by Vauquelin, Fourcroy, and Seguin. 
Lavoisier first demonstrated its nature analytically, by passing a 
known quantity of watery vapour over metallic iron heated to red- 
ness in a glass tube. Hydrogen gas was disengaged, the metal in 
the tube was oxidized, and the weight of the former, added to the 
increase which the iron had experienced from combining with oxy- 
gen, exactly corresponded to the quantity of water decomposed. 

Its composition by volume was demonstrated very satisfactorily 
by Nicholson and Carlisle : by resolving water into its elements by 
galvanism, and collecting them in separate vessels, they obtained 
precisely two measures of hydrogen and one of oxygen,— a result 
which has been fully confirmed by subsequent experimenters. The 
same fact was proved synthetically by Gay-Lussac and Humboldt, 
in their Essay on Eudiometry, published in the Journal de Physique 
for 1805. They found that when a mixture of oxygen and hydro- 
gen is inflamed by the electric spark, those gases always unite in the 
exact ratio of one to two, whatever may be their relative quantity in 
the mixture. When one measure of oxygen is mixed with three of 
hydrogen, one measure of hydrogen remains after the explosion ; and 
a mixture of two measures of oxygen and two of hydrogen leaves one 
measure of oxygen. When one volume of oxygen is mixed with 
two of hydrogen, both gases, if quite pure, disappear entirely on the 
electric spark being passed through them. The composition of 
water by weight was determined with great care by Berzelius and 
Dulong ; and we cannot hesitate, considering the known dexterity 
of the operators, and the principle on which their method of analysis 
was founded, to regard their result as a nearer approximation to the 
truth than that of any of their predecessors. They state, as a mean 
of three careful experiments (Ann. de Ch. et Ph. xv.) that 100 parts 
of pure water consist of 11*1 of hydrogen and 88*9 oxygen, which 
is the ratio of 1 to 8*009, very nearly that of 1 to 8 above stated. 

The processes for procuring a supply of hydrogen gas will now be 
intelligible. The first is the method by which Lavoisier made the 
analysis of water. It is founded on the fact that iron at a red heat 
decomposes water, the oxygen of that liquid uniting with the metal, 
and the hydrogen gas being set free. That the hydrogen which is 
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evolved when zinc or iron is put into dilute sulphuric acid must 
be dmved from the same source, is obvious &om the consideration, 
that of the three substances, iron, sulphuric acid, and water, the 
last is the only one which contains hydrogen. The product of the 
operation, besides hydrogen, is sulphate of the protoxide of iron, if 
iron is used, or of the oxide of zinc, when zinc is employed. The 
knowledge of the combining proportions of these substances will 
readily give the exact quantity of each product. These numbers 
are— 

Watsr (8 ozy. 4- 1 hyd.) .... 9 

Sulphunc ftcid . • • • . .40*1 

Iron ....... 28 

Protoxide of iron (28 iron + 8 oiygen) . . .36 

Sulphate of the protoxide of iron (40* 1 + 36) . . 76* I 

Hence for every 9 grains of water which are decomposed, 1 grain of 
hydrogen will be set free ; 8 grains of oxygen will unite with 28 
grains of iron, forming 36 of the protoxide of iron ; and the 36 
grains of protoxide will combine with 40*1 grains of sulphunc acid, 
yielding 76*1 of sulphate of the protoxide of iron. A similar cal- 
culation may be employed when zinc is used, merely by substituting 
the equivalent of zinc (32'6) for that of iron. — According to Mr. 
Cavendish, an ounce of zinc yields 676 cubic inches, and an equal 
quantity of iron 782 cubic inches of hydrogen gas. 

The action of dilute sulphuric acid on metallic zinc affords an in- 
stance of what was once called Disposing Affinity. Zinc decom- 
poses pure water at common temperatures with extreme slowness ; 
but as soon as sulphuric acid is added, decomposition of the water 
takes place rapidly, though the acid merely unites with oxide of 
zinc. The former explanation was, that the affinity of the acid for 
oxide of zinc disposed the metal to unite with oxygen, and thus 
enabled it to decompose water ; that is, the oxide of zinc was sup- 
posed to produce an effect previous to its existence. The obscurity 
of this explanation arises &om regarding changes as consecutive, 
which are in reality simultaneous. There is no succession in the 
process ; the oxide of zinc is not formed previously to its combina- 
tion with the acid, but at the same instant. There is, as it were, 
but one chemical change, which consists in the combination at one 
and the same moment of zinc with oxygen, and of oxide of zinc with 
the acid ; and this change occurs because these two affinities, acting 
together, overcome the attraction of oxygen and hydrogen for one 
another. 
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Prop. — ^Transparent, colourless, inodorous, tasteless ; pow^u( 
refractor of light ; imperfect conductor of heat and electricity ; very 
incompressible, its absolute diminution for a pressure of one atmo- 
iq)here being only 51*3 millionths of its volume. (An. de Ch. et 
Ph. xxxvi. 140.) Its changes of form under varying temperatures 
have been already stated in the section on heat. Its sp. gr. is 1^ 
being the unit to which the sp. gr. of all solids and liquids is re- 
ferred as a convenient term of comparison (page 119). One cubic 
inch, at 62** and 80 Bar., weighs 262-458 grains, both being at 62? 
and 30 Bar., or 769*4 at 32^ and 30 Bar. It is 815 time* heavier 
than atmospheric air. The sp. gr. of aqueous vapour is 0-6202, 
and 100 C I. (containing 100 hydrogen and 50 oxygen), at 212o 
and 80 Bar., weigh 14*96 grains ; sp. gr. of ice is 0'^% 

Owing partly to the extensive range of its own affinity, and partly 
to the nature of its elements, water is a chemidll ageivt of great 
power. Of this, the preparation of hydrogen gas is an example ; 
and indeed there are few complex changes, where oxygen aaad hydro- 
gen are present, which do not give rise either to the production or 
decomposition of water. But, independently of the elements of 
which it is composed, it combines directly with many bodies. 
So^)etimes it is contained in a variable ratio, as in ordinary solu-^ 
tion ; in other compounds it is present in a fixed definite proportion, 
as is exemplified by its union with several of the acids, the alkalies, 
and all salts that contain water erf crystallization. These combina- 
tions are termed hydrates. Thus, concentrated sulphuric acid is a 
compound of one eq. of the real acid and one eq. of water ; and its 
proper name is hydrous sulphuric acid, or hydrate of sulphuric 
acid. The prefix hydro has been sometimes used to signify the 
presence of water in definite proportion ; but it is -advisable, to 
prevent mistakes, to limit its employment to the compounds of 
hydrogen. 

The purest water which can be found as a natural product, is 
procured by melting freshly fallen snow, or by receiving rain in clean 
•vessels at a distance from houses. But this water is not absolutely 
pure ; for if placed under the exhausted receiver of an air pump, or 
boiled briskly for a few minutes, bubbles of gas escape from it. The 
air obtained in this way from snow water is much richer than atmo-: 
spheric air in oxygen gas. According to Gay-Lussac and Humboldt, 
it contains 84*8 per cent qf oxygen, and the air separated by ebulli- 
tion from rain water contains 82 per cent. All water which has 
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onct Mien on the ground becomes impregnated with more or less 
earthy or saline matters, and can be separated &om them only by 
distillation. The distilled water, thus obtained, and preserved in. 
clean well-slopped bottles, is absolutely pure. Recently boiled 
water has the property of absorbing a portion of all gases, when its" 
Bur&ce is in contact with them ; and the absorption is promoted by*, 
brisk agitation. The following table, from Henry's Chemistry, 
shows the absorbability of different gases by water, deprived of all 
its air by ebullition. 

100 C. I. water, at 60° and 30 Bar., absorb of 

DaltoD and Henry. Saussure. 



Sulphuretted hydrogen 100 C. I. 

Cartmiic acid . 100 

Nitrous oxide . .100 

Olefiantgas • 12*5 

Oxygen . • • 3.7 

Carbonic oxide . 1*56 

Nitrogen • . . 1*56 

Hydrogen • • 1*56 



263 

106 

76 

15-3 

6-5 

6*2 

4*1 

4-6 



The estimate of Saussure is in general too high. That of Dalton 
and Henry for nitrous oxide, according to the experiments of Davy, 
is considerably beyond the truth. 

Its eq. is = 9 ; eq. vol. 100 ; symb. H + O, or HO, or H, 
or aq. £rom aqua. 

Peroxide or Btnoxtde, — Discovered by Thenard in 1818. Its 
preparation is founded on the fact that there are two oxides of 
barium, the peroxide and protoxide; the former of which is con- 
verted into the protoxide by the action of acids. When this pro- 
cess is conducted with the necessary precautions, the oxygen which 
is set free, instead of escaping in the form of gas, unites with the 
hydrogen of the water, and brings it to a maximum of oxidation. 
For a full detail of all the minutiae of the process, the reader may 
consult the original memoir of Thenard ;* the general directions are 
the following : — To six or seven ounces of water add so much pure 
concentrated hydrochloric acid as is sufficient to dissolve 230 grains 
of baryta ; and after having placed the mixed fluids in a glass vessel 
surrounded with ice, add in successive portions 185 grains of peroxide 
of barium reduced to powder, and stir with a glass rod after each 
addition. When the solution, which takes place without effer- 

* In the An. de Chim. et de Phys. vol. viii. ix. x.and 1.; Annals of Philosophy, 
vol. xiii. aod jdv. ; and M. Thenard's Traill de Chimie. 

S 
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vescence, is complete, sulphuric acid is added iu sufficient ^uaolity 
for precipitating the whole of the baryta in the form of an insoluble 
sulphate, leaving the hydrochloric acid in solution. Another poih 
tion of peroxide of barium, amounting to 185 gmins, is then .put 
into the liquid : the iBree hydrochloric acid instantly acts upon it, 
and as soon as it is dissolved, the baryta is again separated as a sul- 
phate by the addition of sulphuric acid. The solution is then 
filtered, in order to separate the insoluble sulphate of baryta ; and 
fresh quantities of peroxide of barium are added in succession, till 
about three ounces have been employed. The liquid then contains 
from S5 to 30 times its volume of oxygen gas. The hydrochloric 
acid which has served to decompose the peroxide of barium during 
the whole process, is now removed by the cautious addition of sul- 
phate of oxi^e of silver, and the sulphqric acid afterwards separated 
by solid baryta. 

Peroxide of hydrogen, as thus prepared, is still diluted with a 
considerable quantity of water. To separate the latter, the mixed 
liquids are placed, with a vessel of strong sulphuric acid, under the 
exhausted receiver of an air pump. As the water evaporates, the 
density of the residue increases, till at last it acquires th^ sp. gr. 
of 1'462. The concentration cannot be pushed further ; for if kept 
under the receiver after reaching this point, the peroxide itself gra- 
dually but slowly volatilizes without change. 

Prop.— A colourless transparent liquid, inodorous, and of a metallic 
taste ; volatilizes in vacuo less rapidly than water ; retains its liquid 
form at all degrees of cold to which it has been exposed ; at ^d^ is 
resolved into oxygen and water, and hence should be always kept 
in glass tubes surrounded by ice. It intermixes with water in all 
proportions ; bleaches litmus and turmeric paper, whitens the skin 
and tongue, causing to both a pricking sensation, and thickiens the 
saliva. The most remarkable of its properties is its facility of 
decomposition. Diffused daylight does not seem to exert any in- 
fluence over it, and even the direct solar rays act upoti it tardily. 
It effervesces from escape of oxygen at 59°, and the sudden ^pli- 
cation of a higher temperature, as that of 212**, gives rise to such 
rapid evolution of gas as to cause an explosion. Water, ^parently 
by combining with the peroxide, renders it more permanent ; but 
no degree of dilution can enable it to bear the heat of boiling 
livater, at which temperature it is entirely decomposed. All the 
metals except iron, tin, antimony, and tellurium, have a tendency 
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to 4iiN!dinpo8e it, converting it into oxjgen and water. A state of 
mibute medianical diyision is essential for producing rapid decom- 
poeition. If the metal is in mass, and the peroxide diluted with 
water, the action is slow. The metals which have a strong affinity 
for oxygen are oxidized at the same time, such as potassium, sodium, 
ffirsenic, molybdenum, manganese, zinc, tungsten, and chromium ; 
wbde others, such as gold, silver, platinum, iridium, osmium, 
rhodium, palladium, and mercury, retain the metallic state. 

It is decomposed at common temperatures by many of the metal* 
lie oxides. That some protoxides should have this effect, would be 
anticipated in consequence of their tendency to pass into a higher 
state of oxidation. The protoxides of iron, manganese, tin, cobalt, 
and others, act on this principle, and are really converted into 
peroxides. The peroxides of barium, strontium, and calcium may 
likewise be formed by the action of peroxide of hydrogen on baryta, 
stiontia, and lime. But it is a singular fact, of which no satis&c- 
tory explanation has been given, that some oxides decompose it 
wHbout phasing into a higher degree of oxidation. The peroxides 
of lead, mercury, gold, platinum, manganese, and cobalt, possess 
this property in the greatest perfection, acting on peroxide of hydro- 
gen, when concentrated, with surprising energy. The decomposi- 
tion is omnpleie and instantaneous; oxygen gas is evolved so 
rapidly as to produce a kind of explosion ; and such intense tempe- 
rature is excited, that the glass tube in which the experiment is 
conducted becomes red-hot. The reaction is very great even when 
the peroxide of hydrogen is diluted with water. Oxide of silver 
occasions very perceptible effervescence when put into water which 
contains only l-60th of its bulk of oxygen. All the metallic 
oxides, which are decomposed by a red heat, such as those of gold, 
platinum, silver, and mercury, are reduced to the metallic state 
when they act upon peroxide of hydrogen. This effect cannot be 
altogether ascribed to heat disengaged during the action ; for oxide 
of silver suffers reduction when put into a very dilute solution of 
the peroxide, although the decomposition is not then attended by 
an appreciable rise of temperature. 

While the tendency of metals and metallic oxides is to decom- 
pose the peroxide of hydrogen, acids have the property of rendering 
it more stable. In proof of this, let a portion of that liquid, some- 
what diluted with water, be heated till it begins to effervesce from 
the escape of oxygen gas ; let some strong aeid, as the nitric, sul- 

s 2 
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phuric, or liydrocliloric, be then dropped into it, and tlie eflfervescfence 
will cease on the instant. When a little finely divided gold is put 
into a weak solution of peroxide of hydrogen, containing only 10, 
20, or 30 times its bulk of oxygen, brisk effervescence ensues ; but 
on letting one drop of sulphuric acid fall into it, effervescence 
ceases instantly ; it is reproduced by the addition of potassa, and is 
figain arrested by adding a second portion of acid. The only acids 
that do not possess this property are those that have a low degree 
of acidity, as carbonic and boracic acids ; or those which suffer a 
chemical change when mixed with peroxide of hydrogen, such ad 
hydriodic, hydrosulphuric, and sulphurous acids. Acids appear to 
increase the stability of the peroxide in the same way as Water does, 
namely, by combining chemically with it. Several compounds of 
this kind were formed by Thenard, before he was aware of thie exist- 
ence of the peroxide of hydrogen. They were made by dissolving 
peroxide of barium in some dilute acid, such as the nitric, and then 
precipitating the baryta by sulphuric acid. As nitric acid was sup- 
posed under these circumstances to combine with an additional 
quantity of oxygen, Thenard applied the term oxygenized nitric 
acid to the resulting compound, and described sevehil other new 
acids under a similar title. But the subsequent discovery of per- 
oxide of hydrogen put the nature of the oxygenized acids in a clearer 
light ; for their properties are easily explicable on the supposition 
that they are composed, not of acids and oxygen gas, but of acids 
United with peroxide of hydrogen. 

Peroxide of hydrogen was analysed by diluting a known weight 
of it with water, and then decomposing it by boiling the solution. 

Its eq. is = 17 ; symb. H + 20, or HOj, or H. 

SECTION V. 

NITROGEN. 

Hist. — FiEST noticed by Rutherford of Edinburgh in 1772. 
Discovered to be a constituent of the atmosphere by Lavoisier in 
1775, and by Scheele about the same time. It was termed azote 
(a privative, and ZfifJjy Itfcy) by Lavoisier, from its inability to sup- 
port respiration. The name of nitrogen is derived from its being 
an element of nitric acid. 

Prep.— 1. By burning a piece of phosphorus in a jar full of ai? 
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inverted over water. The strong affinity of phosphorus for Oxygen 
enables it to bum till the whole of that gas is consumed. The 
product of the combustion, metaphosphoric acid, is at first diffused 
through the residue in the form of a white cloud ; but as this sub- 
stance is. rapidly absorbed by water, it disappears entirely in the 
course of half an hour. The residual gas is nitrogen, containing 9 
small quantity of carbonic acid and vapour of phosphorus, both of 
which may be removed by agitating it briskly with a solution of 
pure potassa. Several other substances may be employed for with- 
drawing oxygen from atmospheric air. A solution of protosulphate 
of iron, charged with binoxide of nitrogen, absorbs the oxygen in 
the space of a few minutes. A stick of phosphorus produces the 
same effect in twenty-four hours, if exposed to a temperature of 60°. 
A solution of sulphuret of potassium or calcium acts in a similar 
manner ; and a mixture of equal parts of iron filings and sulphur, 
made into a paste with water, may be employed with the same 
intention. Both these processes, however, are inconvenient from 
their slowness. — 2. By exposing a mixture of fresh muscle and 
pitric acid of sp. gr. 1*20 to a moderate temperature. Effer- 
vescence then takes place, and a large quantity of gaseous matter 
is evolved, which is nitrogen mixed with a little carbonic acid« 
The letter must be removed by agitation with lime water ; but the 
residue still retains a peculiar odour, indicative of the presence of 
some volatile principle which cannot be wholly separated from iU 
The theory of this process is somewhat complex, and will be consi- 
dered more conveniently in a subsequent part of the work. 3. By 
transmitting chlorine gas through a solution of ammonia, when that 
alkali yields its hydrogen to the chlorine, and its nitrogen is evolved* 

Prop. — Colourless, tasteless, inodorous ; always gaseous when 
uncombined ; sp. gr. 0*9722, so that 100 C.I. weigh 30-166 grains; 
no action on the blue colour of plants ; water dissolves li per cent. 
It is distinguished from other gases more by negative characters 
than by any striking quality. It is not a supporter of combustion ; 
l>uts on the contrary, extinguishes all burning bodies that are im--. 
mersed in it. No animal can live in it ; but yet it exerts no in-^^ 
jurious action either on the lungs or on the system at large, the pri- 
vation of oxygen gas being the 'sole cause of death. It is not in-^ 
flammable like hydrogen ; though, under favourable circumstanc^es;, 
it may be made to unite with oxygen. 

Considerable doubt exists as to the nature of nitxogeik Though 
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tanked among the simple non-metallic bodies, 6ome circumstances 
have led to the suspicion that it is compound ; and this opinion has 
been wannly advocated by Davy and Berzelius. The chief argu- 
ment in favour of this view is drawn from the phenomena that attend 
the formation of what is called the ammoniacal amalgam. From 
the metallic appearance of this substance, it was supposed to be a 
compound of mercury and a metal ; and as the only method of 
forming it is by the action of galvanism on a salt of ammonia, in 
contact with a globule of mercury, it follows that the metal, if pre* 
sent at all, must have been supplied by the ammonia. Now 
ammonia is composed of hydrogen and nitrogen ; and as the fonner, 
from its small sp. gravity, can hardly be supposed to Contain 8 
metal, it was inferred that it must be present in the latter. Un* 
fortunately for this argument, the supposed metal cannot be obtained 
in a separate state. The amalgam no sooner ceases to be under 
galvanic influence than its elements begin to separate spontaneously, 
and in a few minutes decomposition is complete, the sole products 
being ammonia, hydrogen, and pure mercury. Davy accounted for 
this change on the supposition that water is decomposed ; that its 
oxygen reproduces nitrogen by uniting with the supposed metal t 
and that one part of its hydrogen forms ammonia by uniting with 
the nitrogen, while the remainder escapes in the form of gas. But 
Gay-Lussac and Thenard (Recherches Physico-Chimiques, vol. i.) 
declare that the amalgam resolves itself into mercury, ammonia, and 
hydrogen, even though perfectly free from moisture ; and they inr 
fer from their experiments that it is composed of those three sub- 
stances combined directly with each other. It hence appears that 
the examination of the ammoniacal amalgam affords no proof of the 
compound nature of nitrogen ; nor was Davy''s attempt to decom- 
pose that gas by aid of potassium, intensely heated by a galvanic 
current, attended with better success. 

Its eq. is 14'15 ; eq. vol. = 100 ; symb. N. 

The compounds of nitrogen treated of in this section are the 
following, exclusive of atmospheric air, which is regarded as a 
mechanical mixture : — 

By volume. By weight. 

Nit Oxy. Nit. Oxy. Equiv. Fonnulae. 
Nitrous oxide 100 . 60 14-15+8 =: 22-15 N-f-O 
Nitric oxide 100 . 100 14-15+16 = 30-15 N+20 
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By voluroe. By weight. 

Nit. Oxy. NiU Oxy. Equiv. Formulae. 

Hyponitroug acid 100 . 150 14-15+24 = 3815 N-f30 

Nitrous acid 100 . 200 14-164-32 = 46-16 N-f-40 

Nitric acid 100 . 260 14-16-J-40 = 44-15 N+60 



ON THE ATMOSPHERE. 

The earth is everywhere surrounded by a mass of gaseous matter 
called the atmosphere, which is preserved at its surface by the force 
of gravity, and revolves together with it around the sun. It ii 
cdoTirless and invisible, excites neither taste nor smell when pure^ 
and is not sensible to the touch unless when it is in motion. It 
possesses the physical properties of elastic fluids in a high degree* 
Its sp. gr. is unity, being the standard with which the density of all 
gaseous substances is compared. At 30 Bar. and 82^ it is 769*4 
times lighter than water, and 10462 than mercury; or at 62**, 815 
times lighter than water, and nearly 11065 times lighter than 
me*cury. The knowledge of its exact weight is an essential ele- 
ment in many physical and chemical researches, and has been de* 
termined with very great care by Prout, who finds that 100 C. I; 
of pure and dry atmospheric air, at 60"* and 30 Bar. weigh 31*0117 
grains. 

The pressure of the atmosphere was first noticed early in the 17th 
centfmry by Galileo, and was afterwards demonstrated by his pupil 
Torricelli, to whom science is indebted for the invention of the 
barometer. Its pressure at the level of the sea is equal to a weight 
of about 15 pounds on every square inch of surface, and is capable 
of supporting a column of water 34 feet high, and one of mercury 
of 30 inches ; that is, a column of mercury of one inch square 
and 80 inches long has the same weight (nearly 15 pounds) as a 
column of water of equal base and 84 feet long, and as a column of 
air of equal base reaching from the level of the sea to the extreme 
limit of the atmosphere. By the use of the barometer it was dis-- 
covered that the atmospheric pressure is variable. It varies accord- 
ing to the elevation above the level of the sea, and on this principle 
the height of mountains is estimated. Supposing the density of 
the atmosphere to be uniform, a fall of one inch in the barometer 
would correspond to 11065 inches, or 922 feet of air ; but in order 
to make the calculation with accuracy, allowance must be made for 
the increasing rarity of the air, and for various other circumstances 



S64 NITROOBN. 

•which are detailed in Worts on meteorology. (DaniePs Metectfo- 
logical Essays, ^nd edit. 876.) From causes at present not under- 
stood, the pressure varies likewise at the same place. On this 
depends the indications of the barometer as a weather-glass ; for 
observation has fully proved, that the weather is commonly feir and 
calm when the barometer is high, and usually wet and stormy when 
the mercury falls. 

Atmospheric air is highly compressible and elastic, so that its 
particles admit of being approximated to a great extent by com-* 
pression, and expand to an extreme degree of rarity, when tlie 
tendency of its particles to separate is not restrained by external 
force. The volume of air and all other gaseous fluids, so long as 
they retain the elastic state, is inversely as the pressure to which 
they are exposed. Thus a portion of air which occupies 100 
measures when compressed by a force of one pound, will be dimi- 
nished to 50 measures when the pressure is doubled, and will expand 
to 200 measures when the compression is equal to half a pound. 
This law was first demonstrated in 1662 by the celebrated Boyle, 
(itod a second demonstration of it was given some years afterwards 
by the French philosopher Mariotte, apparently without being 
aware that the discovery had been previously made in England. It 
is hence frequently called the law of Meriotte. Till lately it had 
not been verified for very great pressures ; but from the experiments 
of Oersted in 1825, who extended his observations to air compressed 
by a force equal to 110 atmospheres, it may be inferred to be quite 
general, except when the gaseous matter assumes the liquid form. 
(Ed. Journal, of Science, iv. 224.) Gases vary from this law when 
they approach the point at which they assume the liquid form. At 
what pressure air becomes liquid is uncertain, since air attempts to 
"condense it have hitherto been unsuccessful. 

The extreme compressibility and elasticity of the air accounts 
for the facility with which it is set in motion, and the velocity with 
which it is capable of moving. It is subject to the laws which 
characterize elastic fluids in general. It presses, therefore, equally 
on every side ; and when some parts of it become lighter than the 
surrounding portions, the denser particles rush rapidly into their 
place and force the more rarified ones to ascend. The motion of 
air gives rise to various familiar phenomena. A stream or current 
of air is wind, and an undulating vibration excites the sensation of 
sound. 
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' The atmosphere is not of equal density at all its parts. This is 
obvious firom the consideration, that those portions which are next 
the earth sustain the whole pressure of the atmosphere, while the 
higher strata bear only a part. The atmospheric column diminishes 
in length as the distance from the earth^s surface increases ; and, 
consequently, the greater the elevation, the lighter must be the 
air. It is not known to what height the atmosphere extends* 
From calculations founded on the phenomena of refraction, its 
height is supposed to be about 45 miles ; and Wollaston estimated, 
fiom the law of expansion of gases, that it must extend to at least 
40 miles with properties unimpaired by rarefaction. In specu- 
lating on its extent beyond that distance, it becomes a question 
whether the atmosphere is or is not limited to the earth. This 
subject was discussed with his usual sagacity by Wollaston in an 
Essay on the Finite Extent of the Atmosphere (Phil. Trans. 1822), 
Supposing the atmosphere unlimited, it should pervade all space, 
and accumulate about the sun, moon, and planets, forming around 
each an atmosphere, the density of which would depend on their 
respective forces of attraction. Now Wollaston inferred from 
astronomical observations made by himself and Kater, that there is 
no solar atmosphere ; and the observations of other astronomers 
appear to justify the same inference with respect to the planet 
Jupiter. If the accuracy of these conclusions be admitted, it fol- 
lows that oux atmosphere is confined to the earth ; and it may 
next be asked, by what means is its extent limited ? Wollaston 
accounted for it by supposing the air, after attaining a certain de- 
gree of rarefaction, to possess such feeble elasticity, that the ten- 
dency of its particles to separate further from each other is coun- 
teracted by gravity. The unknown height at which this equili- 
brium between the two forces of elasticity and gravitation takes 
plaoey is the extreme limit of the atmosphere. The loss of elasti- 
city may be ascribed to two powerful and concurring causes ; 
namely, to the distance between the particles of air when highly 
^rarefied, and to the extreme cold which prevails in the higher 
strata of the atmosphere. 

The temperature of the atmosphere varies with its elevation. 
Gaseous fluids permit radiant matter to pass freely through them 
without any absorption, and therefore without their temperature 
]being influenced by its passage. The atmosphere is not heated by 
transmitting the rays of the sun, but receives its heat solely from 
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the earth, and chiefly by actual contact ; so that its temperature 
becomes progressively lower, as the distance from the general mass 
of the earth increases. Another circumstance which contributes to 
the same effect, is the increasing tenuity of the atmosphere ; fer 
the temperature of rarefied air is less raised by a given quantity of 
heat, than that of the same portion of air when compressed, owing 
to its sp. heat being greater in the former state than in the latter. 
From the joint influence of both these causes it is found that, in 
ascending into the atmosphere, the temperature diminishes at the 
rate of one degree for about every 852 feet. The rate of decrease 
is probably much slower at considerable distances from the earth ; 
but still there is no reason to doubt that the temperature continues 
to decrease with the increasing elevation. There must consequent- 
ly in every latitude be a point, where the th^mometer never rises 
above 32®, and where ice is never liquefied. This point varies with 
the latitude, being highest within the tropics and descending gra- 
dually as we advance towards the poles. The following table, from 
the Supplement to the Encyclopedia Britannica, page 190, article 
Climate, shows the point of perpetual ice corresponding to differ- 
ent latitudes. 



Latitude. 


English feet 


Latitude. 


English feet 




in height 




ia height. 


Qo 


15,207 


45« 


7.671 


6o 


15,095 


50O 


6.334 


IQo 


14,764 


550 


5,034 


ISO 


14,220 


6O0 


3,818 


20° 


13,478 


65° 


2,722 


250 


12,557 


70O 


1,778 


30O 


11,484 


750 


1,016 


350 


10,287 


80° 


457 


40O 


9,001 


850 


117 



Air was one of the four elements of the ancient philosophers, 
and their opinion of its nature prevailed generally, till its accuracy 
was rendered questionable by the experimentsi of Boyle, Hooke, 
and Mayow. The discovery of oxygen gas in 1774 paved the way 
to the knowledge of its real composition, which was discovered 
about the same time by Scheele and Lavoisier, The former ex- 
posed some atmospheric air to a solution of sulphuret of potassium, 
which gradually absorbed the whole of the oxygen. Lavoisi^ 
effected the same object by the combustion of iron wire and 
phosphorus. 

The earlier analysis of the air did not agree very well with each 
Other. According to the researches of Lavoisier, it is composed at 
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27 measures of oxygen and 73 of nitrogen. The analysis of 
Scheele gave a somewhat higher proportion of oxygen. Priestley 
found that the quantity of oxygen varies from 20 to 25 per cent ; 
and Cavendish estimated it only at 20. These discrepancies must 
have arisen from imperfections in the mode of analysis ; for the 
proportion of oxygen has been found by subsequent experiments to 
be almost, if not exactly, that which was stated by Cavendish. 
The results of Scheele and Priestley are clearly referrible to this 
cause. It is now known that the processes they employed cannot 
be relied on, unless certain precautions are taken of which those 
chemists were ignorant. Recently boiled water absorbs nitrogen ; 
and, consequently, if sulphuret of potassium be dissolved* in that 
liquid by the aid of heat, the solution, when agitated with air, 
takes up a portion of nitrogen, and thereby renders the apparent 
absorption of oxygen too great. This inconvenience may be avoid- 
ed by dissolving the sulphuret in cold unboiled water. Binoxide 
of nitrogen, employed by Priestley, removes all the oxygen in the 
course of a few seconds ; but for reasons which will soon be men- 
tioned, its indications are apt to be fallacious. The combustion 
of phosphorus, as well as the gradual oxidation of that substance, 
acts in a very uniform manner, and removes the whole of the oxy- 
gen completely. The residual nitrogen contains a little of the 
vapour of phosphorus, which increases the bulk of that gas by 
l-40th, for which an allowance must be made in estimating the 
real quantity of nitrogen. 

Since chemists have learned the precautions to be taken in the 
analysis of the air, a close correspondence has been observed in the 
results of their experiments upon it. The researches of Davy, 
Dalton, Gay-Lussac, Thomson, and others, leave no doubt that 
100 measures of pure atmospheric air consist of 20 or 21 volumes 
of oxygen, and 80 or 79 of nitrogen. The most approved mode 
of analysis consists in mixing with the air a quantity of hydrogen 
sufficient to convert all the oxygen present into water, and kin- 
dling the mixture by the electric spark. The combination may also 
be effected without detonation by means of spongy platinum. 
Water is formed, and is condensed ; and since that liquid is com- 
posed of one volume of oxygen and two of hydrogen, one-third of 
the diminution must give the exact quantity of oxygen. This 
process is so easy of execution, and so uniform in its indications, 
that it is now employed nearly to the total exclusion of all others. 
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Such is the constitution of pure atmospheric air. But the at- 
mosphere is never absolutely pure ; for it always contains a certain 
variable quantity of carbonic acid and watery vapour, besides the 
odoriferous matter of flowers and other volatile substances, which 
are also frequently present. Saussure found carbonic acid in air 
collected at the top of Mont Blanc ; and it exists at all altitudes 
which have been hitherto attained. Saussure, in a recent essay, 
states the proportion of this gas to vary at the same place within 
short intervals of time. It is greater in summer than in winter ; 
and from observations made during spring, summer, and autumn, 
in the open fields and in calm weather, its proportion is inferred to 
be always greater at night than in the day, and to be more abundant 
in gloomy than in bright weather. A very moist state of the 
ground, as after much rain, diminisheis the quantity of car- 
bonic acid, apparently by direct absorption. It is rather more 
abundant in elevated situations, as on the summits of high moun- 
tains, than in the plains ; but its quantity is there nearly the 
same in day and night, in wet and dry wither, because the higher 
strata of the air are less influenced by vegetation, and the state of 
the soil. Saussure thinks also that a highly electrical state of the 
atmosphere tends to diminish the quantity of carbonic acid. He 
found that 10,000 parts of air contain 4*9 of carbonic acid as a 
inean, 6*2 as a maximum, and 3-7 as a minimum. (An. de Ch. et 
Ph. xxxviii. 411. xliv. 5.) 

The chief chemical properties of the atmosphere are owing to 
the presence of oxygen gas. Air from which this principle has 
been withdrawn is nearly inert. It can no longer support respira- 
tion and combustion, and metals are not oxidized by being heated 
in it. Most of the spontaneous changes which mineral and dead 
organized matters undergo, are owing to the powerful affinities of 
oxygen. The uses of the nitrogen are in a great measure unknown. 
It was supposed to act as a mere diluent to the oxygen ; but it 
most probably serves some useful purpose in the economy of ani- 
mals, the exact nature of which has not been discovered. 

The knowledge of the composition of the air, and of the import- 
ance of oxygen to the life of animals, naturally gave rise to the 
notion that the healthiness of the air, at different times, and in 
different places, depends on the relative quantity of this gas. It 
<was therefore supposed that the purity of the atmosphere, or its 
fitness for communicating health and vigour, might be discovered 
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by detennining the proportion of oxygen ; and hence the origin of 
the term Eudiometer, which was applied to the apparatus for ana- 
lyzing the air. But this opinion, though at first supported by the 
discordant results of the earlier analysts, was soon proved to be 
fallacious. On the contrary, the composition of the air is not only 
constant in the same place, but is the same in all regions of the 
earth, and at all altitudes. Air collected at the summit of the 
highest mountains, such as Mont Blanc and Chimborazo, contains 
the same proportion of oxygen as that of the lowest valleys. The 
air of Egypt was found by Berthollet to be similar tq that of 
France. The air which Gay-Lussac brought from an altitude of 
SI, 735 feet above the earth, had the same composition as that coU 
lected at a short distance from its sur&ce. Even the miasms of 
marshes, and the effluvia of infected places, owe their noxious qua- 
lities to some principle of too subtile a nature to be detected by 
chemical means, and not to a deficiency of oxygen. Seguin exa- 
mined the infectious atmosphere of an hospital, the odour of which 
was almost intolerable, and could discover no appreciable deficiency 
of oxygen, or other peculiarity of composition. 

The question has been much discussed, whether the oxygen and 
nitrogen gases of the atmosphere are simply intermixed, or chemically 
combined with each other. Appearances are at first view greatly in 
favour of the latter opinion. Oxygen and nitrogen gases differ in 
density, and therefore it might be expected, were they merely mixed 
together, that the oxygen as the heavier gas ought, in obedience to 
the force of gravity, to collect in the lower regions of the air ; 
while the nitrogen should have a tendency to occupy the higher. 
But this has nowhere been observed. If air be confined in a long 
tube, preserved at perfect rest, its upper part will contain just ad 
much oxygen as the lower, even after an interval of many months ; 
nay, if the lower part of it be filled with oxygen, and the upper 
trith nitrogen, these gases will be found in the course of a few 
hours to have mixed intimately with one another. The constitu- 
ents of the air are, also, in the exact proportion for combining. By 
measure they are nearly in the simple ratio of 1 to 4, which agrees 
with the law of combination by volume ; and by weight they are as 
8 to 9S, which corresponds to 1 eq. of oxygen and 2 of nitrogen. 

Strong as are these arguments in favour of the chemical theory, 
it is nevertheless liable to objections which appear insuperable* The 
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atmosphere possesses all the characters that should arise from » 
mechanical mixture. There is not, as in all other cases of ^emieal 
union, any change in the bulk, form, or other qualities of its ele- 
ments. The nitrogen manifests no attraction for the oxygen. All 
bodies which have an affinity for oxygen abstract it from the> atmo- 
sphere with as much facility as if the nitrogen were absent altog^ 
ther. EVen water effects this separation ; for the air which is 
expelled from rain water by ebullition, contains more than 21 per 
cent of oxygen. When oxygen and nitrogen gases are miied 
together in the ratio of 1 to 4, the mixture occupies pxecisely 5 
volumes, and has every property of pure atmoi^hme air. The 
refractive power of the atmosphere is precisely such as a' mixture 
of oxygen and nitrogen gases ought to possess ; and different from 
what would be expected were its elements chemically united. 
(Edinburgh Journal of Science, iv. 211.) 

Since the elements of the air cannot be regarded as in a state af 
actual combination, it is necessary to account for the steadiness of 
their proportion on some other principle. It has been conceived 
that the affinity of oxygen and nitrogen for one anoth^, though 
insufficient to cause their combination when mixed togetlier tfC onli- 
nary temperatures, might still opemte in such a masner as to pre- 
vent their separation ; that a certain degree of attraction is even 
then exerted between them, which is able to counteract the ten- 
dency of gravity. An opinion of this kind was advanced by Ber- 
thollet, in his Statique Chimique^ and defended by Murray. This 
doctrine, however, is not satisfactory. It is conceivable that oxygen 
and nitrogen may attract each other in the way supposed ; and it 
may be admitted that this supposition explains why these two gases 
continue in a state of perfect mixture. But still the explanation 
is unsatisfactory ; and for the following reason : — Dalton took two 
cylindrical vessels, one of which was filled with carbonic acid, the 
other with hydrogen gas ; the latter was placed perpendicularly 
over the other, and a communication was established between them. 
In the course of a few hours hydrogen was detected in the low«r 
vessel, and carbonic acid gas in the upper. If the upper vessel be 
filled with oxygen, nitrogen, or any other gas, the same phenomena 
will ensue : the gases will be found, after a short interval, to be in 
a state of mixture, and will at last be distributed equally through 
both vessels. Now this result cannot be ascribed to the action of 
affinity. Carbonic acid cannot be made to unite either with hydro- 
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I gen, osygen, or nitrogen ; and, therefore, it is gratuitous to asacjt 
tjiat it 1ms an affinity for tliem. Some other power must be in 
I operation, capable of producing the mixture of gases with each 
J otber, independently of chemical attraction ; and if this power can 
I cause carlrenic acid to ascend through a gas which is twenty-two 
I times lighter than itself, it will surely explain why oxygen and 
L nitrogen gases, the densities of which differ bo little, should be 
[ intermingled in the atmosphere. 

The explanation which Dalton has given of these phenomena is 

founded on the assumption, that the particles of one gas, thougli 

, highly repulsive to each other, do not repel those of a different 

kind. Hence one gas should act as a vacuum with respect to 

another; and if a vessel full of carbonic acid commnnicate with 

another of hydrogen, the particles of each gas should insinuate 

themselves between the particles of the other, till they are equally 

diffused through both vessels. The particles of the carbonic acid 

not indeed fill the space occupied by the hydrogen with the same 

Telocity as if it were a real vacuum, because the particles of the 

I hydrogen afford a mechanical impediment to their progress. The 

I ultimate effect, however, is the same as if the vessel of hydrogen 

I lad been a vacuum. (Manchester Memoirs, vol. v.) 

Though it would not be difficult to find objections to this hypo- 

j thesis, it has the merit of being applicable to every possible case ;. 

t which cannot, I conceive, be admitted of the other. It accounts 

r not only for the mixture of gases, but for the equable diffusion of 

1 vapours through gases, and through each other. This view receives 

I HU|iport from Graham's experiments on the diffusion of gases. 

] (Phil. Trans. Edin. 1831.) When a gas is contained in aglasa 

I bell jar which has a crack or fissure in its sides, or communicates 

I with the air by a narrow aperture, oi is contained in a porous vessel, 

I the gas gradually diffuses itself into the air, and air into the gas, 

I each passing through the chink or other small opening at the same 

\ time, but in opposite directions. On ascertaining after an interval 

I Tiow much gas has escaped from, and how much air entered into, 

the vessel, it will be found that the respective quantities depend 

on the relative sp. gravities ; and tbe same principle of intermixture 

equally applies when the apertures of communication are large, as 

en they are small. Each gas has a diffusiveness peculiar to itself, 

I which is greater as its sp, gr. is less. Graham determined the 

[ate of diffusion for different gases by means of what he calls a diffu- 



272 NITROGEN. 

«io?i tube^ which is simply a graduated tube closed at one end by 
plaster of Paris, a substance, when moderately dry, possessed of the 
requisite porosity. He has been led by direct experiment to the 
following conclusion, — that " the diffusion or spontaneous inter- 
mixture of two gases in contact, is effected by an interchange in 
position of indefinitely small volumes of the gases, which volumes 
are not necessarily of equal magnitude, being, in the case of each 
gas, inversely proportional to the square root of the density of that 
gas/^ The relative diffusiveness of each gas may hence be represent- 
ed by the reciprocal of the square root of its sp. gr. Thus, the 
sp. gr. of air being 1, its diffusiveness is 1 also ; that of hydrogen is 

^ =3-807; that of oxygen —i- = — = M524; 



y 0-069 0-2627 ''° v'1'102 1-05 

and that of nitrogen __L- — i.oi4 ; 

>/ 0-972 

SO that the relative power of diffusion of air, hydrogen, oxygen, 
and nitrogen, is indicated by the numbers, 1, 3*807, 0*9524 and 
1*014. In gases which are very sparingly soluble in water, and 
hence not condensible by the moisture of the plaster of Paris, the 
results of experiment coincide so exactly with the law, that Graham 
suggests its application to determine the sp. gr. of gases. Thus 
if g- denote the diffusiveness of a gas, as found by careful experi- 
ment, and d its sp. gr. ; then since, by the law of diffusion, 

g = we have d = 

It is obvious that these phenomena cannot be referred to any 
chemical principle, but are dependent on the mechanical constitu- 
tion of gases. It has been lately shown in a very clever paper by 
T. Thomson of Clitheroe (Phil. Mag. 8rd Series, iv. 321), that 
the law of gaseous diffusion is included under Dalton's hjrpothesis, 
that one gas is as a vacuum with respect to another. For it is a 
law deduced from the physical properties of gaseous bodies, that 
the velocities of gases flowing under like circumstances into a vacuum 
are inversely as the square roots of their sp. gravities, which is 
precisely the same law that regulates their flow into each other. 

There is still one circumstance for consideration respecting the 
atmosphere. Since oxygen is necessary to combustion, to the 
respiration of animals, and to various other natural operations, by 
all of which that gas is withdrawn from the air, it is obvious that 
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"its (jnantity would gradually diminisli, unless the tendency of those 
causes were counteracted by some compensating process. To all 
appearance there does exist some source of compensation ; for 
chemists have not hitherto noticed any change In the constitution 
of the atmosphere. The only source by which oxygen is known 
to be supplied, is the action of growing vegetables, A healthy 
plant absorbs carbonic acid during the day, appropriates the catbo- 
naceous part of that gas to its own wants, and evolves the oxygen 
with which it was combined. During the night, indeed, an oppo- 
site effect is produced. Oxygen gas then disappears, and carbonic 
acid is eliminated ; but it follows from the experiments of Priestley, 
Davy, and Daubeny, that plants during Si hours yield more oxygen 
than they consume, Whether living vegetables make a full com- 
pensation for the oxygen removeii from the air by the processes 
above mentioned, is uncertain. From thegreat extent of the atmo- 

gJifiheie, and the continual agitation to which its different parts are 
gibject by the action of winds, the effects of any deteriorating pro- 
s would be very gradual, and a change in the proportion of its 
ments could be perceived only by observations made at ver/ 
Utant intervals. , . 



PROTOXIDE OF NITROGEN. 

^Hist.—Depblogisticated air of Priestley, its discoverer; and 
^e nitrous oxide of Davy, who studied it minutely. (Researches 
1 the Nitrous Oxide, 1800.) 

,,i*rep.— It may be formed by exposing nitric oxide for some 

B to the action of iron filings, or other substances which have 

"■ritrong affinity for oxygen, when the nitric oxide loses one half 

of its oxygen, and is couverted into the protoxide ; but the most 

convenient method is by nitrate of ammonia. This salt is pre>- 

i^ed by neutralizing with carbonate of ammonia pure nitric add 

1 with about three parts of water, and concentrating by eva- 

i:ation until a drop of the liquid let fall on a cold plate becomes 

1 mass, adding a little ammonia towards the close to ensure 

lutrality. The salt after cooling is broken to pieces, introduced 

a retort, and heated by a lamp or pan of charcoal : at first, 

f 400°, fusion ensues ; and as the heat rises to 480° or 500", 

q»id decomposition sets in, which continues until all the salt dis- 

ipears. If a white cloud appears within the retort, due to some 

£ ^^ ^i aubUming undecomposed, the beat should be checked. 
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The sole products of this operation, when carefully conducted, 
are water and protoxide of nitrogen. The nature of the change 
will be readily understood by comparing the composition of niti:ate 
of ammonia with that of the products derived {novx it. Thesdyin 
round numbers, are as follows :-— 



Nitric Acid. Ammonia. 

Nitrogen 14 or 1 eq. Nitrogen 14 or 1 eq. 
Oxygen 40 or 5 eq. Hydrogen 3 or 3 eq. 



54 



17 



Water. PMLofNititgeh. 

Hyd. 3 or 3 eq. NiU .^ or 2.e^. 
Ozy.24 or 3 eq. t>xy. ti^ or 2 eq. ' 



The same expressed in symbols is 

N4-5 0; N4-3H; | 



27 



3(H+0); 



44 



2(W+0). 



It thus appears that the hydrogen in the ammonia takes so niui^b > 
oxygen as is sufficient for forming water, and the residual oxygen 
converts the nitrogen both of the nitric acid and of the ammonia , 
into protoxide of nitrogen : 71 grains of the salt will thus yield 44. 
grains of protoxide of nitrogen and £7 of water. 

Prop, — Colourless, slightly agreeable odour, and sweetish tafite.; 
commonly gaseous, but at 45^ and under a pressure of 50 atm^o- 
spheres it is liquid ; sp. gr. of the gas = 1*5241, and 100 C. I. 
weigh 47*22 grains ; no action on test paper. Recently boiled 
water at 60** dissolves nearly its own volume of the gas, and yields 
it unchanged by boiling : hence it cannot be preserved over cold 
water, and may by it be separated from gases which are insoluble 
in water. It is a supporter of combustion. Most substances bum 
in it with far greater energy than in the atmosphere* When a re- 
cently extinguished candle with a very red wick is introduced into 
it, the flame is instantly restored. Phosphorus, if previously 
kindled, bums in it with great brilliancy. Sulphur, when burning 
feebly, is extinguished by it ; but if immersed while the combus- 
tion is lively, the size of the flame is considerably increased. With 
an equal bulk of hydrogen it forms a mixture which explodes 
violently by the electric spark or by flame. In all these cases the 
product of combustion is the same as when oxygen gas or atmo- 
spheric air is used. The protoxide is decomposed ; the combusti^ . 
ble matter unites with its oxygen, and the nitrogen is set free. I^ 
suffers decomposition when a succession of electric sparks is passed 
through it, and a similar effect is caused by conducting it through 
a porcelain tube heated to incandescence. It is resolved, in both 
instances, into nitrogen, oxygen, and nitrous acid. . . ^ 
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Davy discovered that it may be taken into the lungs witli satVtj', 
I and that it supports respiration for a few minutes. He breathed 
9 quarts of it, contained in a silk bag, for three minutes, and 12 
' quarts for rather more than four ; hut no quantity could enable him 
to bear the privation of atmosphei'ic air for a longer period. Its 
I action on the system, when inspired, is very remarkable. A few 
deep inspirations are followed by most agreeable feelings of excite- 
ment, similar to the earlier stages of intoxication. This is shown 
by a strong propensity to laughter, by a rapid flow of vivid ideas, 
and an unusual disposition to muscular exertion. These feelings, 
I' however, soon subside; and the person returns to his usual state 
I Kilhout experiencing the languor or depression which so universally 
I follows intoxication from spirituous liquors. Its effects, however, 
I OD different persons, are various ; and in individuals of a plethoric 
I iahit it BomelimeB produces giddiness, headache, and other disa- 
I greeable symptoms. 

I When 100 measures of it are mixed with 100 of hydn^en and 
I fired by electricity, 100 of nitrogen gas remain, and the sole other 
I product is initcr. As 100 of hydrogen unite with 50 of oxygen, 
I it follows that 100 measures of the protoxide contain 100 of nitro- 
I gen and 50 of oxygen gases. This result, obtained by Davy, has 
I been confirmed by Henry, who analyzed it by means of carbonic 
I oxide gas (An. Phil. N. S. viii. 2&9). New, 
I 100 cubic inches of nitrogen g»a weigh . 30'166 grains 

I SO do. oiygen .... 17-054 

I Thew numbeB added logellier amonat to . 47-220 

I ■which must be the weight of 100 C. I. of the protoxide. Its com- 

I position by weight is detennined by the same data, being 17'054 

I oxygen to S0"166 nitrogen, or 8 to 14 nearly, as already stated 

I (page 262). 

I Its eq. is = 22-15; eq. vol. = 100; symb. N + 0, NO, or N. 

I BINOXIDE OF NITROGEN. 

I Hist. — Discovered by Hales, but first carefully studied by 

I ftiestlcy, under the name of nitrous gas. It is also called ttilric 

I oxide. 

I Prep.— Preferably by the action of nitric acid, of sp. gr. I'S, on 

I metallic copper. Brisk effervescence takes place without the aid of 

I heat, and the gas may be collected over water or mercury. The 

I copper gradiially disappears during the process ; the liquid acquires 
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a beautiful blue colour, and yields on evaporation a salt which is 
composed of nitric acid and oxide of copper. The chemical changes 
that occur are the following : — One portion of nitric acid suffers 
decomposition : part of its oxygen oxidizes the copper ; while 
another part is retained by the nitrogen of the nitric acid, forming 
binoxide of nitrogen. The oxide of copper attaches itself to some 
undecomposed nitric acid, and forms the blue nitrate. Many other 
metals are oxidized by nitric acid, with disengagement of a similar 
compound ; but none, mercury excepted, yields so pure a gas as 
copper. 

Prop, — Gaseous, not hitherto condensed into a liquid ; colour- 
less, tasteless, and inodorous ; excites violent spasm of the glottis 
when an attempt is made to inhale it; sp. gr. = 1*0377, and 100 
C. I. weigh 8£*187 grains. Water at 60** dissolves about. 11 per 
cent. It has no action on test paper ; but if any &ee oxygen is 
present, it produces dense, suffocating, acid vapours of a fed or 
orange colour, called nitrous acid vapours^ which, are freely ab- 
sorbed by water, and render it acid. This character distinguishes 
it from all other gases, and is a good test of the presence of free 
oxygen. In some cases it supports combustion : burning sulphur 
and a lighted candle are extinguished by it ; but charcoal and phos- 
phorus, when in vivid combustion, bum in it with increased bril- 
liancy. The product of the combustion is carbonic acid in the 
former case, and metaphosphoric acid in the latter, nitrogen being 
separated in both instances. With an equal bulk of hydrogen it 
forms a mixture which cannot be made to explode, but which is 
kindled by contact with a lighted candle, and bums rapidly with a 
greenish white flame, water and pure nitrogen gas being the sole 
products. The action of freshly ignited spongy platinum on a 
mixture of hydrogen and binoxide of nitrogen gases leads to the 
slow production of water and ammonia. 

It is partially resolved into its elements by being passed through 
red-hot tubes, and a succession of electric sparks has a similar eflect. 
It is converted into protoxide of nitrogen by substances which have 
a strong affinity for oxygen, such as moist iron filings, and a solu- 
tion of sulphuret of potassium. Davy ascertained its composition 
by the combustion of charcoal (Elements of Chemical Philosophy, 
p. 200). Two volumes of the binoxide yielded one volume of 
nitrogen, and about one of carbonic acid ; whence it was inferred to 
consist of equal measures of oxygen and nitrogen gases united with- 
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out any condensation. Gay-Lussac (M^moires d'Arcueil) proved 
that this proportion is rigidly exact. He decomposed 100 mea- 
sures of the gas, by heating potassium in it ; when 50 measures of 
pure nitrogen were left, and the potassa formed corresponded to 50 
measures of oxygen. The same fact has been lately proved by 
Henry (An. of PhU. N. S. viii. £99). Hence, as 

60 cubic inches of oxygen gas weigh . • 17*054 grains 

50 do. nitrogen • • • 15*083 

100 cubic inches of the binozide must weigh . . 32*137 

From the invariable formation of red-coloured acid vapours, 
whenever binoxide of nitrogen and oxygen are mixed together, 
^k^Q gases detect the presence of each other with great certainty ; 
9nd ^ince the product is wholly absorbed by water, either of them 
may be entirely removed from any gaseous mixture by adding a 
sufficient quantity of the other. Priestley, who first observed this 
fact, supposed that combination takes place between them in one 
proportion only ; and inferring on this supposition, that a given 
absorption must always indicate the same quantity of oxygen, he 
was led to employ binoxide of nitrogen in Eudiometry. But in 
thi^ opinion he was mistaken. The discordant results obtained by 
his method soon excited suspicion of their accuracy ; and the 
source of error has since been discovered by the researches of Dal- 
ton and Gay-Lussac. It appears from the experiments of Gay- 
Lussac, and his results do not differ materially from those of Dal- 
ton, that for 100 measures of oxygen, 400 of the binoxide may be 
absorbed as a maximum, and 133 as a minimum ; and that be- 
tween these extremes, the quantity of the binoxide corresponding 
to 100 of oxygen is exceedingly variable. It does not follow from 
this, that oxygen and binoxide of nitrogen unite in every propor- 
tion within these limits. The true explanation is, that the mixture 
of these gases may give rise to three compounds, — hyponitrous, 
nitrous, and nitric acids ; and that either may be formed almost, if 
not entirely, to the exclusion of the others, if certain precautions 
are adopted. But in the usual mode of operating, two if not all 
are generated at the same time, and in a proportion to each other 
which is by no means uniform. The circumstances that influence 
the degree of absorption, when a mixture of oxygen and binoxide 
of nitrogen is made over water, are the following : — 1, The diame- 
ter of the tube ; 2, The rapidity with which the mixture is made ; 
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8, The relative proportioii of the two gsses; 4, The time i^Iowed 
to elapse alter mixing them ; 5, Agitaition of the. tube.; woA Mstly, 
The oppofiite conditions of adding the oxygen .to the bixioxid?) or 
the binoxide to the oxygen. 

The binoxide may, notwithstanding, be uBefuUy employed in 
Eudiometry. Dalton operatee (An. of Phil.x. 88» 9nd Henry's 
Elements) by mixing the gases in a graduated tube about j^an inch 
wide over water, and waiting, without agitating the mixtuie, till 
decrease of volume is at an end, which usually occurs in less than 6 
or 10 minutes. Every 27 measures which have disappeared, indi- 
cate 10 of oxygen. A large excess of the binoxide should be 
avoided; and if the gas under examination contain more thaa 20 
per cent, of oxygen, it should be previously diluted with nitrogen. 
Oay-Lussac advises that 100 measures of the gas under exiuninatioi 
should be introduced into a very wide tube or jar, and that an equal 
volume of the binoxide should then be added (Mem. d'Arcueil, 
ii. 247). The red vapours, which are instantly produced, disap- 
pear very quickly ; and the absorption after half a minute, or a 
minute at the most, may be regarded as complete. The residue is 
then transferred into a graduated tube and measured. On&-fourtk 
of the loss is oxygen. — Results very near the truth may be obtained 
by both methods. 

If a current of the binoxide be conducted into a solution of jhto- 
tosulphate of iron, the gas is absorbed in large quantity, and the 
solution acquires a deep olive-brown colour, which appears almost 
black when fully saturated. This solution absorbs oxygen with 
fecility. But it cannot be safely employed in Eudiometry ; be- 
cause the absorption of oxygen is accompanied, or at least very soon 
followed, by evolution of gas from the liquid itself. The binoxide 
is combined with the sulphate in the ratio of 1 eq. of the former to 
4 eq. of the latter ; and the gas may be recovered by exposure to a 
vacuum, the original salt being left unchanged (Paligot in An. de 
Ch. et Ph. liv. 17). On applying heat, part of the gas is evolved 
and part decomposed : the protoxide of iron takes oxygen both from 
the binoxide and from water, forming peroxide of iron ; while the 
hydrogen of the decomposed water, and nitrogen of the binoxide 
combine together, and generate ammonia. Nitric acid is formed 
when the solution is exposed to the air or oxygen gas, but not other- 
wise (Davy). When a mixture of binoxide of nitrogen and 
sulphurous acid are brought into contact with a solution of potassa 



NITR06BN. S79 

or ammonia, hoiSi gasea are abfiorbed, and a peculiar acid is gene- 
rated, vhieh lum been called by Pelonze, its discoverer, nitro- 
sulphuric acid. It is composed of 1 eq. of nitrogen, 1 of sulphur, 
and 4 of oxygen, 200 volumes of binoxide of nitrogen combining 
vrith 100 of sulphurous acid. The nitrosulphates are very prone to 
decomposition, a sulphate being formed with the evolution of pro- 
toxide of nitrogen : this ensues by the mere contact of certain sub- 
stances, which do not themselves undergo any change, such as 
spongy platinum, silver and its oxide, charcoal powder, peroxide of 
manganese, and solutions of corrosive sublimate, lunar caustic, and 
the sulphates of the oxides of zinc, copper, and iron. The same 
effect is produced by an acid, as when an attempt is made to 
procure nitrosulphuric acid in a separate state, even the car- 
bonic acid of the atmosphere being capable of causing the decom- 
position. The crystals of the nitrosulphates of potash and am- 
monia may be preserved in well-stopped bottles at ordinary 
temperatures ; the solutions, on the contrary, are not stable above 
the freezing point, but the stability is much increased by an ex- 
cess of alkali. On this is founded the best mode of preparing the 
nitrosulphates, which consists in transmitting binoxide of nitrogen 
through a strong solution of sulphite of ammonia or potash with an 
excess of alkali, when the corresponding nitrosulphate separates in 
colourless prismatic or acicular crystals. The dry crystals decom- 
pose at a moderate heat, namely, at 230^ for the ammoniacal salt, and 
266** for that of potash, the former giving rise to a slight explosion 
owing to the rapid evolution of protoxide of nitrogen. The decom- 
position of the nitrosulphate of potassa by heat is particularly in- 
teresting, from its forming sulphite of potassa and binoxide of 
nitrogen instead of sulphate of potassa and the protoxide, as occurs 
in every other instance. (Lieb. Ann. xv. 240.) 

It is singular that both binoxide and protoxide of nitrogen, not- 
withstanding the absence of acidity, are capable of forming com- 
pounds of considerable permanence with the pure alkalies. The 
circumstances which give rise to the formation of these compounds 
will be stated in the description of nitre. 

Its eq. is = 80-16 ; eq. vol. = 200 ; symb. N + 20, NO,, or N. 

HYPONITROUS ACID. 

Hist, and Prep, — First prepared by Gay-Lussac, who showed 
that on adding binoxide of nitrogen in excess to oxygen gas, con- 
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fined in m gtan tulieofer metcory, the ahKap ti onii alteyB^mnfoKiB, 
provided a strong solution of pme potassa ]8'patintD:die tukefo- 
Ibre mixing the two gnses: 50 messiues oforfgen gas comlRne 
mider these circumstances with ftOO of the binozida, fimming am add 
which unites with the potassa. As thebinoldde contains Mlf hs 
▼olnrae of oxygen gas, the new acid must be €ompoitod'.of/l;00 
measures of nitrogen and 150 of oxygen, as already stated: (page 
368). It is generated when the binoxide is kept fbra eonsideBible 
time, say three months, in a glass tube over mercury, with a atrong 
solution of pure potassa, when the binoxide is resolved into hjpo^ 
nitrous acid, which unites with the alkali, while protoxide of nitrogen 
remains in the tube ; and Dulong formed it by mixing 300 mieasmeB 
of binoxide of nitrogen with 50 of oxygen gas, both quite dry, and 
exposing the resulting orange fumes to intense cold, which con- 
densed it into a liquid. It is the nitrous acid of Berselius and 
other Continental chemists. 

Prop. — At 0^ it is a colourless liquid, and green at common 
temperatures. It is so volatile, that in open vessels the green fluid 
wholly and rapidly passes off in the form of an orange vapour, whidi 
is said by Mitscherlich to have a density of 1*73. On admixture 
with water it is converted into nitric acid and binoxide of nitrogen, 
the latter escaping with effervescence ; but when much nitric acid is 
present, the hjrponitrous is changed into nitrous acid, the presence 
of which imparts several shades of colour, orange, yellow, green, and 
blue, according as its quantity is more or less predominant. One 
eq. of hyponitrous and one of nitric acid yield two eq. of nitrous 
acid : — Thus N -f 80 and N + 50 obviously contain the elements 
for forming 3(N + 40). 

Hyponitrous acid does not unite directly with alkalies, being 
then resolved principally into nitric acid and binoxide of nitrogen ; 
but the hyponitrites of the alkalies and alkaline earths may be ob- 
tained by heating the corresponding nitrates to a gentle red heat ; 
and the hyponitrite of the oxide of lead is formed by boiling a solu- 
tion of the nitrate of that oxide with metallic lead. 

H3T)onitrous acid forms with water and sulphuric acid a crystal- 
line compound, which is formed in large quantity daring the manu- 
facture of sulphuric acid, and the production of which is an essential 
part of that process. It is generated whenever moist sulphurous acid 
gas and nitrous acid vapour are intermixed, being instantly deposited 
in the form of white acicular crystals ; and Gay-Lussac discovered 
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thit itrmajdto be made by the direct aetioft of aohydrous nitrous 
8»d atnmg sulphnric acid. The first attempt to determine its com- 
poshion; aaalTtically was by Henry, who found it to consist of 1 eq. 
bf>h3rpanitvoa8 add, 5 of sulphuric acid, and 5 of water. (Ann. 
of Pfafl. :;xxvii. 867.) G. De Claubry has lately repeated the 
tttJoflysis of die same compound in a state of more perfect dry- 
iiBBSy and by what he considers a better method ; and he gives as its 
odnstituents 2 eq. of hyponitrous acid, 4 of water, and 5 of sulphu- 
m add. (An. de Ch. et Ph. xlv. 284.) The theory of its pro- 
duction has been very carefully studied by De Claubry. It appears 
that when moist sulphurous and nitrous acids react on each other, 
the fiMrmef is converted into sulphuric and the latter into hyponi- 
trous acid, the oxygen lost by one being gained by the other. A 
little nitrogen gas is always disengaged at the same time, which can 
only arise feom a small portion of nitrous acid losing the whole of 
its oxygen. The action of sulphuric on nitrous acid is different : 
in this case the nitrous acid is resolved into nitric and hyponitrous 
adds, the latter uniting with sulphuric acid and most of its water 
to produce the crystalline solid, while the remainder of the water 
unites with the nitric acid. When the crystalline matter is put 
into water, the hyponitrous is resolved into nitrous acid and bin- 
oxide of nitrogen, both of which escape with effervescence . If much 
water is present, more or less of the nitrous acid is converted into 
nitric acid and the binoxide. Similar changes ensue when the 
crystals are exposed to the air, humidity being rapidly absorbed. 
This subject has also been examined by Bussy with similar re- 
sults. 

Its eq. is = 88-16 ; symb. N + 30, NO3, or N. 

NITROUS ACID. 

Prep,— It is always formed when binoxide of nitrogen and oxy- 
gen gases are intermixed. Davy showed, by making the mixture 
in a dry glass vessel previously exhausted, that nitrous acid vapour 
is formed by the action of 200 measures of the binoxide on 100 of 
oxygen gas ; and hence, as 200 of the binoxide contains 100 of 
nitrogen and 100 of oxygen, nitrous acid was inferred to consist of 
100 measures of nitrogen united with 200 of oxygen gas (page 268). 
This inference has been confirmed by the researches of Gay-Lussac 
and Dulong (An. de Ch. et Ph. i. and ii.), the fonner of whom also 
proved that its elements contract to 1-Srd of their volume, or in 
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oilier wofds, 100 measures of mtrous acid vapour contain 100 of 
nitrogen gas and i^OO of oxygen. The specific gravity of this 
vapour ought to be 8-1777, formed of 0*97^7 the sp. gr. of nitrogen 
+ 2-2050 twice the sp. gr. of oxygen. It is b^t prepared by heat- 
lug to redness in an earthen retort the nitrate of oxide of lead, 
carefully dried ; when nitric add is resolved into nitroas acid and 
oxygen, and on receiving the products in a dry tube, surrounded by 
a mixture of ice and salt, the former is condensed. 

Prop. — An anhydrous liquid of sp. gr. 1-451, and orange colour 
at 60^, yellow at S^"*, and almost colourless at 0^ ; acid, pungent, 
and powerfully corrosive ; and imparts a yellow stain to the skin. 
It is very volatile, boiling at 82*: in a stopped bottle it pre- 
serves its liquid form at 60°; but when exposed to the atmosphere 
it is rapidly dissipated in orange red fumes, which when once mixed 
with air or other gases require intense cold for condensation. 

Nitrous acid vapour is characterized by its orange red colour, 
acid reaction, and by being absorbed by water with disengagement 
of binoxide of nitrogen and formation of nitric acid. It is quite 
irrespirable, exciting great irritation and spasm of the glottis, even 
when moderately diluted with air. A taper bums in it with con 
siderable brilliancy. It extinguishes burning sulphur ; but the 
combustion of phosphorus continues in it with great vividness. 

Nitrous acid is a powerful oxidizing agent, readily giving oxygen 
to the more oxidable metals, and to most substances which have a 
strong affinity for it. The acid is decomposed at the same time, 
being commonly changed into binoxide of nitrogen, though some- 
times the protoxide and even pure nitrogen gases are evolved. When 
transmitted through a red-hot porcelain tube it suffers decompo- 
sition, and a mixture of oxygen and nitrogen gases is obtained. 

When nitrous acid is mixed with a considerable quantity of 
water, it is instantly resolved into nitric acid, which unites with the 
water, and binoxide of nitrogen which escapes with effervescence. 
Three eq. of nitrous acid yield two eq. of nitric acid and one of the 
binoxide ; for 8(N + 40) contain 2(N + 60) and N 4- 20. 
When a rather small quantity of water is used, the evolved bin- 
oxide, at first considerable, becomes less and less as successive 
quantities of nitrous acid are added, till at last the evolution of 
gas ceases altogether. The colour of the solution varies remark- 
ably during the process : from being colourless, the liquid acquires 
a blue tint, then passes into bluish green, green, yellow, and 



NITROGEN. 383 

lastly onmge. These different solutions contain different relative 
quantities of nitric acid, nitrous acid, and water, on which circum- 
stance the varying shades of colour depend. Nitric and nitrous 
acidA axe disposed to unite with each other, and the influence of 
this attraction enables nitrous acid to sustain admixture with water 
without decomposition. Strong nitric acid will unite with a con- 
i^dexable quantity of nitrous acid, and thereby acquires an orange 
red tint. In a weaker nitric acid the water decomposes part of the 
nitrous acid, and the colour of the solution is orange or yellow. 
Ab the strength of the nitric acid becomes weaker and weaker, the 
quantity of nitrous acid which it can protect from decomposition 
becomes less and less, and the colour of the solution varies from 
yellow, green, and blue, and is at length colourless. These 
changes may be witnessed, not only by adding successive quan- 
tities of nitrous acid to water, and thereby at length producing a 
strong nitric acid, but commencing with the latter, saturating it 
with nitrous acid, and then successively diluting with water. 

When nitrous acid is mixed with a very small quantity of water, 
no binoxide of nitrogen is disengaged, but the liquid becomes 
green, like the colour of hyponitrous acid. I have repeatedly 
obtained a similar liquid in preparing nitrous acid from ni trade of 
oxide of lead, when the materials were not adequately dried ; and 
that green liquid, when allowed to dissipate in the air, leaves some 
nitric acid behind. From these facts it seems probable that in the 
decomposition of nitrous acid by water, the first change is the con- 
version of nitrous into nitric and hyponitrous acids, which last is 
subsequently changed, when the required quantity of water is pre- 
sent, into nitric acid and binoxide of nitrogen. It may thus well 
happen that hyponitrous acid contributes to produce the varying 
colours above described. 

Some chemists consider nitrous acid as a compound of nitric and 
hyponitrous acids, rather than of nitrogen and oxygen. In fact, 
on adding nitrous acid to an alkaline solution we obtain a nitrate 
aad hyponitrite, a circumstance which has given rise to the notion 
that nitrous acid cannot act as a distinct acid. 

Its eq. is 46*16 ; eq. vol = 100; symb. N -f 40, NO4, or N. 

a 

NITRIC ACID. 

HisL — If a succession of electric sparks be passed through a 
mixture of oxygen and nitrogen gases confined in a glass tube over 
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mercury, a little water being present, ihe vohime of tke gases will 
gradually diaunishy and the water after a time will be found to 
have acquired acid properties. On neutraliung the solution with 
potassa, or what is better, by putting a solution of thai alkali. in- 
stead of water into the tube at the beginning of the experiment, a 
salt is obtained which possesses all the properties of nitmte, of 
potassa. This experiment was performed in 1785 by Cavendish, 
who inferred firom it that nitric acid is composed of oxygen and 
nitrogen, though the acid itself, under the name oi Jtpirit of nitpe^ 
had been long previously known. The best proportion of the ga^ea. 
was found to be seven of oxygen to three of nitrogen ; but as some 
nitrous acid is always formed during the process, the exapt com-; 
position of nitric acid cannot in this way be accurately determined. 
Nitric acid may be formed much more conveniently by adding 
binoxide of nitrogen slowly over water to an excess of oxygen gas. 
Oay-Lussac proved that nitric acid may in this manner be obtained 
quite free from nitrous or hyponitrous acid ; and that it is com- 
posed of 100 measures of nitrogen and 260 of oxygen, a result 
fully confirmed by Davy, Henry, Berzelius, and others. 

Nitric acid cannot exist in an insulated state. Binoxide of 
nitrogen and oxygen gases never form nitric acid if mixed together 
when quite dry ; and nitrous acid vapour may be kept in contact 
with oxygen gas without change, provided no water is present. 
The most simple form under which chemists have hitherto pro- 
cured nitric acid is in solution with water ; a liquid which, in its 
concentrated state, is the nitric acid of the pharmacopoeia. By 
manufacturers it is better known by the name of aquafortis, 

. The nitric acid of commerce is procured by decomposing some 
salt of nitric acid by means of oil of vitriol, and common nitre, as 
the cheapest of the nitrates, is employed for the purpose. This 
salt, previously well dried, is put into a glass retort, and a quan- 
tity of the strongest oil of vitriol is poured upon it. On applying 
heat, ebullition ensues, owing to the escape of nitric acid vapours, 
which must be collected in a receiver kept cold by moist doths. 
The heat should be steadily increased during the operation, and 
continued as long as any acid vapours come over. 

Chemists differ as to the best proportions for forming nitric acid. 
The London College recommends equal weights of jiitre and oil of 
vitriol; and the Edinburgh and Dublin Colleges employ three 
parts of nitre to two of the acid. In the process of the I^ondon. 
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College the alkali of the nitre is left as a bisulphate in the retort ; 
since one eq. of nitre (54 nitric acid and 47 potassa) is 100, and 
the nearly equal number 98 corresponds to 2 eq. of oil of vitriol, 
which contain 2 eq. of anhydrous sulphuric acid and 2 eq. of water. 
During the distillation the nitric acid passes over along with 1^ eq. 
of water, and ^ eq. of water is retained by the bisulphate of po- 
tasito.' The presence of water is essential : nitric acid of 1*50 con- 
sists of real or anhydrous acid and water in the ratio of 1 to 1 J or 
2 iio 8 ; and unless water in at least this proportion be supplied, a 
proportional quantity of nitric acid is resolved, at the moment of 
qtiitting the potassa into oxygen and nitrous acid (Phillips, in 
Phil. Mag. ii. 480). If the mixture be introduced into the retort 
without soiling its neck, and the heat be cautiously raised, the 
product will be quite free from sulphuric acid ; and therefore the 
second distillation from nitre, recommended in the pharmacopoeia, 
is superfluous. 

The proportions of the Edinburgh and Dublin Colleges are 
such, that the residual salt is a mixture of sulphate and bisulphate 
of potassa. The acid of the nitre does not receive from the oil of 
vitriol the requisite quantity of water, and hence part of it is de- 
composed, yielding towards the close of the operation an abundant 
supply of nitrous acid fumes. If the receiver be kept cool, nearly 
all these vapours are condensed, and the product is a mixture of 
nitric and nitrous acids, of a deep orange red colour, very strong 
and fuming, and of a greater sp. gr. though proportionally less in 
quantity, than that obtained by the foregoing process. The sp. 
gr. of the pale acid is 1"600 ; while that of the red acid is 1"6^, 
or by previously drying the nitre and boiling the sulphuric acid, 
Hope states that it may be made so high as 1*54. 

Some manufecturers decompose nitre with half its weight of sul- 
phuric add, thus employing the ingredients in the proportion of 
1 eq. of each. In this case about half of the nitric acid is decom- 
posed, and considerable loss sustained, unless the requisite quan- 
tity of water is previously mixed with the sulphuric acid, or water 
be placed in the receiver to condense the nitrous acid. Some of 
the nitre is likewise apt to escape decomposition ; and the residue, 
consisting of neutral sulphate, which is much less soluble than the 
bisulphate, is removed from the retort with difficulty. 

In none of the preceding processes, not even in the first, is the 
product quite colourless ; for at the commencement and close of 
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the operaiion, nitrous acid fumes are disengaged, irhich oommiini- 
cate a stiaw yellow or an orange red tint, according to their qtmn^ 
tity. If a very pale acid is required, two receivers should be ^ised; 
one for condensing the colourless vapours of nitric acid, and another 
for the coloured products. The coloured acid is called' nitrous add 
by the College ; but it is in reality a mixture or compound of nitrie 
and nitrous acids, similar to what may be obtained by mixing: 
anhydrous nitrous with colourless nitric acid. It is easy to conveft^ 
the common mixed acid of the College into colourless nitric acid, 
by exposing the former to a gentle heat for some time, when all 
the nitrous acid will be expelled. But this process is rasrely neces- 
sary, as the coloured acid may be substituted in most cases for that 
which is colourless. Where an acid of great str^igth is requised, 
the former is even preferable. 

Nitric acid frequently contains portions of sulphuric and hydros 
chloric acid. The former is derived finom the acid which is used 
in the process, and the latter from sea-salt, which is frequently 
mixed witli nitre. These impurities may be detected by adding a 
few drops of a solution of chloride of barium and oxide of silver 
to separate portions of nitric acid, diluted with three or four parts 
of distilled water. If chloride of barium cause a cloudiness or pre- 
cipitate, sulphuric acid must be present ; if a similar efiect be pro- 
duced by nitrate of oxide of silver, the presence of hydrochloric 
acid may be inferred. Nitric acid is purified from sulphuric acid 
by redistilling it from a small quantity of nitrate of potassa^ W9tk 
the alkali of which the sulphuric acid unites, and reififlQiu) in the 
retort. To separate hydrochloric acid, it is necessary to drop a 
solution of nitrate of oxide of silver into the nitric acid as long as a 
precipitate is formed, and draw off the pure acid by distillation. 

Prop. — A strong, highly corrosive acid ; in its purest and most 
concentrated state a colourless liquid, of sp. gr. 150 or I'SIO, che- 
mically combined with water, from which it cannot be separated 
without decomposition, or by uniting with some other body. An 
acid of sp. gr. 1*50 contains 25 per cent of water, according to the 
experiments of Phillips, and 20*3 per cent according to those ol 
Ure.* Nitric acid of this strength emits dense, white, suffocating 
vapours when exposed to the atmosphere. It attracts watery vapour 
from the air, whereby its density is diminished. A rise of tempera^ 

* See his Table in the Appendix, showing the strength of diluted acid of different 
densities. . . -v- 
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tore iS' occasioned by mixing it with a certain quantity of water. 
Wien 58 measures of nitric acid of sp. gr. 1*5 are suddenly mixed 
with 4^ of water, the temperature rises from 60 to 140° ; and the 
mixture, on cooling to 60®, occupies the space of 92*65 measures 
instead of 100. From its strong affinity for water, it occasions 
snow to liquefy with great rapidity ; and if the mixture is made in 
due proportion, intense cold will be generated. (Page 60.) It 
boils at ^48®, and may be distilled without suffering material 
change. An acid of lower density than 1*42 becomes stronger by 
being heated ; because the water evaporates more rapidly than the 
acid. An acid, on the contrary, which is stronger than 1*42 is 
weakened by the application of heat. It may be frozen by cold : 
the point of congelation varies with the strength of the acid. The 
strongest acid freezes at about 50° below zero. When diluted with 
half its weight of water, it becomes solid at — 1|.° ; but a little 
more water lowers its freezing point to — 45°. It acts powerfully 
on oxidable substances, and is hence much employed by chemists 
for bringing bodies to their maximum of oxidation. Nearly all 
the metals are oxidized by it ; and some of them, such as tin, 
copper, and mercury, are attacked with great violence. If flung 
on burning charcoal, it increases the brilliancy of its combustion in 
a high degree. Sulphur and phosphorus are converted into acids 
by its action. All vegetable substances are decomposed by it. 
In general the oxygen of the nitric acid enters into direct combi- 
nation with the hydrogen and carbon of those compounds, forming 
water with the former, and carbonic acid with the latter. This 
happens remarkably in those compounds in which hydrogen and 
carbon are predominant, as in alcohol and the oils. It effects the 
decomposition of animal matters also. The cuticle and nails receive 
a permanent yellow stain when touched with it ; and if applied to 
the skin in sufficient quantity it acts as a powerful cautery, destroy- 
ing the organization of the part entirely. 

When oxidation is effected through the medium of nitric acid, 
the acid itself is commonly converted into binoxide of nitrogen. 
This gas is sometimes given off nearly quite pure ; but in general 
some nitrous acid, protoxide of nitrogen, or pure nitrogen, are 
evolved at the same time. The escape of nitrous acid in these 
cases seems owing, according to some late observations of Phillips, 
not so much to its direct formation, but to the binoxide at first 
formed acting on the nitric acid of the solution. Direct solar 
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light deoxidizes nitric acid, resolving a portioii of it iiiio '^xyguk 
and nitrous acid. The former escapes as gas ; the kiter todbaodbed 
by the nitric acid, and converts it into the mixed nit ntf n scid of 
the shops. When the vapour of nitric acid is trMMmitfeed tlaengli 
red-hot porcehun tubes, it sufiers complete decomperiftioQ, mtA % 
mixture of oxygen and nitrogen gases is the produet. 

Nitric acid may also be deoxidized by ttansmitting a cm r eut ef 
binoxide of nitrogen through it. That gas, by takings oxjgtm ftcna 
the nitric, is converted into nitrous acid ; and a portion of nitric 
acid, by losing oxygen, passes into the same compound* The 
nitrous acid, thus derived from two sources, gives a colour to the 
nitric acid, the depth and kind of which depend on the strength of 
the acid. On saturating with binoxide of nitrogen four separate 
portions of nitric acid of sp. gr. 1*16, 1'85, 1'40, and 1*50, the 
colour will be blue in the first, green in the second, yellow in the 
third, and brownish red in the fourth ; and acid of 1*05 is not 
coloured at all. Phillips foimd that acid of density 1*497 acquired 
a density 1*541, that is, was made stronger, by saturation widi the 
binoxide ; but those acids which become green are much weakened, 
because nitrous acid vapour is mechanically carried off by those 
portions of binoxide which pass unabsorbed through the liquid. 

Tests. — All the salts of nitric acid are soluble in wat^, and 
therefore it is impossible to precipitate that acid by any reagent. 
The presence of nitric acid, when uncombined, is readily detected 
by its strong action on copper and mercury, emitting ruddy fumes 
of nitrous acid, and by its forming with potassa a neutral salt, 
which crystallizes in prisms, and has all the properties of nitre. 
Gold leaf is a still more delicate test. When hydrochloric acid 
is added to the solution of a nitrate, chlorine is disengaged, and 
the liquid hence acquires the property of dissolving gold leaf; but 
as the action of hydrochloric acid on the salts of chloric, bromic, 
iodic, and selenic acids likewise yields a solution capable of dis- 
solving gold, no inference can be drawn from the experimoit, 
unless the absence of these acids shall have been previously demon* 
strated. Another character which may be usefrd is to mix thb 
supposed nitric acid or nitrate with dilute sulphuric acid in a tube, 
add a few fragments of pure zinc, and set fire to the hydrogen as 
it issues : if nitric acid be present, the flame of the hydrogen will 
have a greenish white tint, due to admixture with binoxide of nitro- 
gen. This test occurred to my assistant, Mr. Balmain ; and Mr. 
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i r^t.^MaiilanA at Lhc Bonie time proposed alcohol instead of zinc with 
I A4hc same intention. A very delicate test has been proposed by 
J ^i)'SbaugneBsy, founded on the orange red followed by a yellow 
\ ^lour, which nitric acid communicates to morphia. The Bupposed 
I ^itratc is heated in a test tube with a drop of sulphuric acid, and 

then a crystal of morphia is added. (Lancet, 1829-30.) It is 
[ ^K<}viEable to try tlie process in a separate tube with the sulphuric 

^id alone, in order to prove the absence of nitric acid. 






SECTION VI. 

CARBON. 



^, Hut. and Prep. — It occurs pure and crystallized in forms of 
I ^e octohedral system in the diamond, a mineral of unknown origin, 
I t^ut probably derived from the slow decomposition of vegetable 
I wiatter. It is sometimes a constituent of the rocks in the form of 
1 ^pnoll tabular crystals called graphite, and in larger masses mixed 

frith iron, as plumbago with which pencils are made, and in antlira- 
r^^e mixed with earth and metallic sulphurets. It ia the essential 

principle of the different varieties of charcoal — the black mass left 
l*hen most vegetable and animal matters are heated to redness in 
" close vessels, and which contains any fixed principles originally pre- 
I |Bcnt in its source. Common charcoal is made from wood and con- 
I jiiuns about l-50th of its weight of alkaline and earthy salts, which 
I constitute the ashes when wood-eliarcoal is burned. Coke is tlie 

charcoal from coal, ivory black or animal charcoal is that from 
I jpones, lamp-black from resin. Very pure varieties of charcoal may 
I pe fonned from spirit of wine, turpentine, sugar, and starch. 

Prop. — Carbon, as it exists in the diamond, is the hardest siib- 
j (ijance in nature ; sp. gr. 3'52 ; it crystallizes in the regular system 
I JB forms which are frequently hemihedtal, and are characterized by 
I t perfect cleavage parallel to the faces of the octohedron ; beauti- 
I Ji^'y transparent and a powerful refractor of light ; a non-conductor 
I fS heat and electricity. It is very unchangeable, resists the action 
I -of acids and alkalies, and bears the most intense heat in close ves- 
I Jj^Is without fusing or undergoing any perceptible change. Heated 
1 |ko redness in the open air, it is entirely consumed. Newton first 
1 suspected it to be combustible from its great refracting power, a 

jMJQCture which was tendered probable by the experiments of the 
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Florentine academicians in 1^94. Lawisiec first proved it to con- 
tain carbon by throwing tbe sun^s rays, concentrated by a powerful 
lens, upon a diamond contained in a vessel of oxygen gas. The 
diamond was consumed entirely, oxygen disappeared, and carbonic 
acid was generated. It has since been demonstrated by the re- 
searches of Gujrton-Morveau, Smithson Tennant, Allen and Pepys, 
and Davy, that carbonic acid is the product of its combustion. 
Guyton-Morveau inferred from his experiments that the diamond is 
pure carbon, and that charcoal is an oxide of carbon. Tennant 
burned diamonds by heating them with nitre in a gold tube ; and 
comparing his own results with those of Lavoisier on the combus- 
tion of charcoal, he concluded that equal weights of diamond and 
pure charcoal, in combining with oxygen, yield precisely equal 
quantities of carbonic acid. He was thus induced to adopt the opi- 
nion, that charcoal and the diamond are chemically the same sub- 
stance ; and that the difference in their physical character is solely 
dependant on a difference of aggregation.* This conclusion was 
confirmed by the experiments of Allen and Pepys-|-, and DavyJ, 
who compared the product of the combustion of the diamond with 
that derived from different kinds of charcoal. The lattar chemist 
did indeed observe the production of a minute quantity of water 
during the combustion of the purest charcoal, indicative of a trace 
of hydrogen ; but its quantity is so small, that it cannot ber^arded 
as a necessary constituent. It proves only that a trace of hydrogen 
is retained by charcoal with such force, that it cannot be expelled 
by the temperature of ignition. 

Charcoal, as obtained from wood, is hard and brittle, conducts 
heat very slowly, but is a good conductor of electricity ; quite in- 
soluble in water, is attacked with difficulty by nitric acid, and is 
little affected by any of the other acids, or by the alkalies. It 
undergoes little change from exposure to air and moisture, bdng 
less injured under these circumstances than wood. It is exceed- 
ingly refractory in the fire, if excluded from the air, supporting the 
most intense heat which chemists are able to produce without chaAge. 

It possesses the property of absorbing a large quantity of air or 
other gases at common temperatures, and of yielding the greater 
part of them again when it is heated. It appears from the researches 
of Saussure, that different gases are absorbed by it in different pro- 
portions. His experiments were performed by plunging a piece of 

• Phil. Trans. 1797. t Ibid. 1807. t Tbid. 1814. 
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red-hot charcoal under mercury, and introducing it when cool into 
the gas to be absorbed. He found that charcoal prepared from 
box-wood absorbs, during the space of 24 or 36 hours, of 
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The absorbing power of charcoal, with respect to gases, cannot 
be attributed to chemical action ; for the quantity of each gas, 
which is absorbed, bears no relation whatever to its affinity for char- 
coal. The effect is in reality owing to the peculiar porous texture 
of that substance, which enables it, in common with most spongy 
bodies, to absorb more or less of all gases, vapours, and liquids with 
which it is in contact. This property is most remarkable in char- 
coal prepared from wood, especially in the compact varieties of it, 
the pores of which are numerous and small. It is materially 
diminished by reducing the charcoal to powder ; and in plumbago, 
which has not the requisite degree of porosity, it is wanting altogether. 

The porous texture of charcoal accounts for the general fact of 
absorption only ; its power of absorbing more of one gas than of 
another, must be explained on a different principle. This effect, 
though modified to all appearance by the influence of chemical at- 
traction, seems to depend chiefly on the natural elasticity of the 
gases. Those which possess such a great degree of elasticity as to 
have hitherto resisted all attempts to condense them into liquids, 
are absorbed in the smallest proportion ; while those that admit of 
being converted into liquids by compression, are absorbed more 
freely. For this reason, charcoal absorbs vapours more easily than 
gases, and liquids than either. 

Allen and Pepys determined experimentally the increase in 
weight experienced by different kinds of charcoal, recently ignited, 
after a week^s exposure to the atmosphere. The charcoal from fir 
gained 18 per cent. ; that from lignum vita^ 9*6 ; that from box, 
14 ; from beech, 16*3 ; from oak, 16*5 ; and from mahogany, 18. 
The absorption is most rapid during the first 24 hours. The sub- 
stance absorbed ia both water and atmospheric air, which the char- 
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coal retains vriih such force, that it cannot be completely separated 
from them without exposure to a red heat. Vogel has observed 
that charcoal absorbs oxygen in a much greater proportion from the 
air than nitrogen. Thus, when recently ignited charcoal^ cooled 
under mercury, was put into a jar of atmospheric air, the residue 
contained only 8 per cent, of oxygen gas ; and if red-hot charcoal 
be plunged into water, and then introduced into a vessel of air, the 
oxygen disappears almost entirely. It is said that pure nitrogen 
may be obtained in this way. (Schweigger'^s Journal, iv.) 

Charcoal likewise absorbs the odoriferous and colouring principles 
of most animal and vegetable substances. When coloured infiisions 
of this kind are digested with a due quantity of charcoal, a solution 
is obtained, which is nearly if not quite colourless. Tainted flesh 
may be deprived of its odour by this means, and foul water be puri- 
fied by filtration through charcoal. The substance commonly em- 
ployed to decolorize fluids is animal charcoal reduced to a fine 
powder. It loses the property of absorbing colouring matters by 
use, but recovers it by being heated to redness. 

Charcoal is highly combustible. When strongly heated in the 
open air, it takes fire, and bums slowly. In oxygen gas, its com- 
bustion is lively, and accompanied with the emission of sparks. In 
both cases it is consumed without flame, smoke, or residue, if quite 
pure ; and carbonic acid gas is the product of its combustion. 

Its eq. is = 6*12 ; its vapour (theoretical, p. 231) has a sp. gr. 
= 0-4216, and eq. vol. = 100, and 100 C. I. weigh 13-168 grains. 

The composition of the compounds of carbon described in this 
section is as follows : — 

Carbon. Oxygen. Equiv. Formulsft. 

Carbonic Oxide 6-12 or 1 eq. + 8 or 1 eq. = 14-12 C+0 or C. 

Carbonic Acid 6*12 or 1 eq. -|- 16 or 2 eq. = 22-12 C-|-20 or C- 

Carbonic oxide gas is theoretically considered as a compound of 
100 measures of the vapour of carbon and 60 of oxygen condensed 
into 100 measures ; and carbonic acid gas, of 100 measures of the 
vapour of carbon and 100 of oxygen condensed into 100 measures'. 

CARBONIC ACID. 

Hist. — Discovered by Black in 1767, and described by him in 
his inaugural dissertation on magnesia under the name of Jixed air. 
He observed the existence of this gas in common limestone and 




jnagnesia, and found that it may be expelled from these aub- 
Btances by the action of heat or acids. He also remarked that the 
same gas is formed during respiration, fennentation, and combustion. 
Its composition waa first demonstrated synthetically by Lavoisier, 
who burned carbon in oxygen gas, and obtained carbonic acid ae the 
product. The same experiment has been repeated by Davy, Allen 
and Pepys, and others, with the result that in the combustion of 
diamond or other pure carbonaceous matter the oxygen undergoes 
no change of volume, or in other words, that carbonic acid gas con- 

» tains its own volume of osygen : hence the difference of the sp. 
.'jgiavities of carbonic acid and osygen gases (1'624 — I'lOSS), or 
v"4215, gives the exact ratio of the quantities of carbon and oxygen 
Combined, being 0-4S15 to 1-1025, or 6-12 to 16. Smithson 
"Pennant illustrated its nature analytically by pasfiing the vapour of 
phosphorus over chalk, or carbonate of lime, heated to redness in a 
gjass tube. The phosphorus took oxygen from the carbonic acid, 
charcoal in the form of a light black powder was deposited, and the 
phosphoric acid, which was formed, united with the lime. 

Prej), .^Conveniently by the action of hydrochloric acid, diluted 
with two or three times its weight of water, on fragments of marble, 
when carbonic acid gas escapes with effervescence, and chloride of 
calcium is \e(t in solution. 
J Prop. — Commonly a colourless gas of a pungent odour and 
I'acidiilous taste, condensable at 32° by a pressure of 36 atmospheres 
Eiito a liquid, which congeals by the cold produeeil by its own 
IrtVap oration, estimated at — 180°, and at that temperature is solid 
louder the atmospheric pressure, being the first instance of a solidi- 
■ fied gaa. The sp. gr. of the gas is 1-524, and 1 00 C. I. at 60° and 
30 Bar. weigh 4T-262 grains ; the sp. gr. of the liquid at 32° is 
0-83 ; it dilates remarkably from heat, its expansion being upwards 
of four times that of air, 20 volmnes of the liquid at 82° occupying 
29 volumes at 86, and its sp. gr. varies from 0-9 to 0-6 as the 
temperature rises from — 4° to + 86". When heated from 32° to 
86" its elasticity rises from 36 to 73 atmospheres, being O-b'S atmo- 
spheres for each degree. It is insoluble in water and fat oils, but 
soluble in all proportions in ether, alcohol, naphtha, oil of turpen- 
tine, and bjsulphuret of carbon. The evaporation of its ethereal solu- 
tion causes an intense degree of cold, by which large quantities of 
mercury may be froKen. (Thelorier in Ann. de Ch. et Ph. Ix. 427.) 
Carbonic acid gas extinguishea burning substances of all kinds. 
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and the combustion does not cease from the want of oxygen only. 
It exerts a positive influence in checking combustion, as appeara 
from the fact, that a candle cannot burn in a gas^us mixture com* 
posed of four measures of atmospheric air, and one of carbomc add. 

It is not better qualified to support the req>iiation bf anitnals ; 
for its presence, even in moderate proportion^ is soon &tal. An 
animal cannot live in air which contains sufficient carbonie acid for 
extinguishing a lighted candle ; and hence the practical ruk of 
letting down a burning taper into old wells or pits before any one 
yentures to descend. If the light is extinguished, the air is certainly 
impure ; and there is generally thought to be no danger, if the 
candle continues to bum. But some instances have been knonpm of 
the atmosphere being sufficiently loaded with carbonic acid to produce 
insensibility, and yet not so impure as to extinguish a burning candle. 
(Christison on Poisons, ^d ed. 707.) When an attempt is made 
to inspire pure carbonic acid, violent spasm of the glottis takes 
place, which prevents the gas from entering the lungs. If it be so 
much diluted with air as to admit of its passing the glottis, it 
then acts as a narcotic poison on the system. It is this gas which 
has often proved destructive to persons sleeping in a confined room 
with a pan of burning charcoal. 

It is quite incombustible, and cannot be made to unite with an 
additional portion of oxygen. It is a compound^ therefore, in which 
carbon is in its highest degree of oxida^tion. 

Lime water becomes turbid when brought into contact with car- 
bolic acid. The lime unites with the gas, forming carbonate of lime, 
which, from its insolubility in water, at first renders the solution 
milky, and afterwards forms a white flaky precipitate. Hence lime 
water is not only a valuable test of the presence of carbonic acid, but 
is frequently used to withdraw it altogether from any gaseous mix- 
ture that contains it. 

Recently boiled water dissolves its own volume of carbonic acid 
gas at 60° and 80 Bar. ; but it will take up much more if the pres- 
sure be increased. The quantity of the gas absorbed is in exact 
ratio with the compressing force ; that is, water dissolves twice its 
volume when the pressure is doubled, and three times its volume 
when the pressure is trebled. A saturated solution may be made 
by transmitting a stream of the gas through a vessel of cold water 
during the space of half an hour, or still better by the use of a 
Wpulfe^s bottle or Nooth^s apparatus, so as to aid the absorption 



by pressure. Water and other liquids which have been charged 
with carbonic acid under great pressure, lose the greater part of the 
gas when the pressure ia removed. The effervescence which takes 
place on opening a bottle of ginger beer, cider, or brisk champaign, 
iB owing to the escape of carbonic acid gas. Water, if fully satu- 
rated with carbonic acid gas, sparkles when it is poured from one 
vessel into another. The solution has an agreeably acidulous taste, 
and gives to litmus paper a red stain which is lost on exposure to 
the air. On the addition of lime water to it, a cloudiness is pro- 
duced, which at first disappears, because the carbonate of lime ia 
soluble in excess of carbonic acid ; but a permanent precipitate 
ensues when the free acid is neufralized by an additional quantity 
(rf lime water. The water which contains carbonic acid in solution 
IB wholly deprived of the gas by boiling. Removal of pressure from 
ita surface by means of the air-pump has a similar effect. 

The agreeable pungency of beer, porter, and ale, is in a great 
measure owing to the presence of carbonic acid ; by the loss of 
which, on exposure to the air, they become stale. All kinds of 
spring and well water contain carbonic acid absorbed from the 
atmosphere, and to which they are partly indebted for their pleasant 
flavour. Boiled water has an insipid taste from the absence of car- 
bonic acid. 

. Carbonic acid ia always present in the atmosphere, even at the 
summit of the highest mountains, or at a distance of several thousand 
feet above the ground. Its presence may be demonstrated by ex- 
posing lime water in an open vessel to the air, when its surface will 
soon be covered with a pellicle, which is carbonate of lime. The 
origin of the carbonic acid is obvious. Besides being formed 
abundantly by the combustion of all substances which contain car- 
bon, the respiration of animals is a fruitful source of it, as may be 
proved by breathing for a few minutes into lime water ; and it is 
also generated in all the spontaneous changes to which dead animal 
and vegetable matters are subject. The carbonic acid proceeding 
from such sources, is commonly diffused equably through the air ; 
but when any of these processes occur in low confined situations, as 
at the bottom of old wells, the gas is then apt to accumulate there, 
and form an atmosphere called choke damp, which is fatal to any 
ftnimals that are placed in it. These accumulations happily never 
take place, except when there is some local origin for the carbonic 
acid; as, for example, when it is generated by fermentative pro- 
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coses going on at the surface of the gtound/ or whto it issues di- 
rectly from the earth, as happens at the Grotto ddi Cane in Italy, 
and at Pyrmont in WestphaKa. There is no real foandation for 
the opinion that carbonic acid can separate itself from the great 
mass of the atmosphere, and accumulate in a low sitcnttion - ni^ly 
by the force of gravity. Such a suppositioi^ is contrary iiG^ the" wi^^ 
known tendency of gases to difiiise themselves equally thro^igh each 
other. It is also contradicted by observation ; for many^deep pits, 
which are free from putrefying organic remains, though othterwise 
ftvourably situated for such accumulations, contain pure atmo^ 
spheric air. 

Though carbonic acid is the product of many natural operations, 
chemists have not hitherto noticed any increase in the quantity con- 
tained in the atmosphere. The only known process which tends to 
prevent increase in its proportion, is that of vegetation. Ghrowing 
plants purify the air by withdrawing carbonic add, and yielding an 
equal volume of pure oxygen in return ; but whether a full com- 
pensation is produced by this cause, has not yet been satis&ctorily 
determined. 

Carbonic acid is contained in the earth. Many mineral springs, 
such as those of Tunbridge, Pyrmont, and Carlsbad, are highly 
charged with it. In combination with lime it forms extensive 
masses of rock, which geologists have found to occur in all coun- 
tries, and in every formation. 

Carbonic acid unites with alkaline substances, and the salts so 
constituted are called carbonates. Its acid properties are feeble, 
so that it is unable to neutralize completely the alkaline properties 
of potassa, soda, and lithia. For the same reason, all the carbo- 
nates, without exception, are decomposed by the hydrochloric and 
all the stronger acids ; when carbonic acid is displaced, and escapes 
in the form of gas- 
Its eq. is 22-ia ; eq. vol = 100 ; symb. C + 20, COj, or C. 

CARBONIC OXIDE OAS. 

jETi^^— Priestley discovered it by igniting chalk in a guH-barrel, 
and afterwards obtained it by heating a mixture of chalk and iron 
filings. He supposed it to be hydrogen mixed with carbonic 
acid. Its real nature was pointed out by Cruickshank (Nichol- 
son's Journal, 4to ed. v.), and about the same time by Clement 
and Desormes (An. de Chimie, xxxix.). 
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Prep. — 1. By transmitting carbonic acid gaa over red-tot frag- 
menta of charcoal contained in a tube of iron or porcelain. S. By 
igniting alkaline or earthy carbonates with iron filings, charcoal, or 
some deoxidizing substance. 3. By heating binoxalate of putassa 
with £vc or six times its weight of strong oil of vitriol in a retort. 
Effervescence aoon ensues, owing to the escape of gas consisting of 
equal measures of carbonic acid and carbonic oxide gases ; and on 
absorbing the former by an alkaline solution, the latter is left in a 
atat« of perfect purity. To comprehend the theory of the process 
it ia necessary to premise, that oxalic acid is a compound of equal 
measures of carbonic acid and carbonic oxide, or at least its 
elements are in the proportion to form these gases; and that it 
cannot exist unless in combination with water or some other sub- 
atance. Now the sulphuric acid unites both with the potassa and 
Tfater of the binoxalate, and the oxalic acid being thus set free, ia 
instantly decomposed. Oxalic acid may be substituted in this pro- 
cess for binoxalate of potossa. 

. Prop. — A colourless, inodorous gaa; sp. gr. =: 0-9727, and 
100 C. I. at 60" and 30 Bar. weigh 30-g07 grains ; has neither acid 
nor alkaline properties ; is sparingly dissolved by water, and does 
not render lime water turbid. It is inflammable. When a lighted 
taper is plunged into it, the taper is extinguished ; but the gas 
itself is set on fire, and burns calmly at its surface with a lambent 
bine fiame. The sole product of its combustion, when the gas is 
quite pure, is carbonic acid, a fact which proves that it does not 
contain any hydrogen. It cannot support respiration. It acts in- 
juriously on the system ; for if diluted with air, and taken into the 
lungs, it very soon occasions headache and other unpleasant fecl- 
inga ; and when breathed pure, it almost instantly causes profound 
coma. 

A mixture of carbonic oxide and oxygen gases may be made to 
explode by flame, by a red-hot solid body, or by the electric spark. 
If mixed together in the ratio of 100 measures of carbonic oxide 
«nd rather more than 50 of oxygen, and the mixture is inflamed in 
Volta's Eudiometer by electricity so as to collect the product of 
tlie combustion, the whole of the carbonic oxide, together with 60 
measures of oxygen, disappears, and 100 measures of carbonic acid 
gas occupy their place. From this fact, first ascertained by Bcr- 
thoUet, and since confirmed by subsequent observation, it follows 
.that carbonic oxide contains half as much oxygen, and as mucli 
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carbon, as carbonic acid. Accordingly its density should be 
0-4215 (sp. gr. of carbon vapour) -I- 0*6511 (half the sp. gr. of oxy- 
gen gas) = 0*9727, which is the number found experimentally by 
Dulong and Berzelius. 

The two first processes mentioned for generating carbonic oxide 
will now be intelligible. The principle of the methods is to bring 
carbonic acid at a red heat in contact with some substance which 
has a strong affinity for oxygen. This condition is fulfilled by 
igniting chalk, or any carbonate which can bear a red heat ^without 
decomposition, such as the carbonates of baryta, strontia, soda, 
potassa, or lithia, with half its weight of iron filings or chaicoal. 
The carbonate is reduced to the caustic state, and its carbonic acid 
is converted into carbonic oxide by yielding oxygen to the iron or 
charcoal. When the former is used, oxide of iron is the product ; 
when charcoal is employed, the charcoal itself is oxidized, and 
yields carbonic oxide. This gas may likewise be generated by 
heating to redness a mixture of almost any metallic oxide with one- 
sixth of its weight of charcoal powder. The oxides of zinc, iron, 
or copper, are the cheapest and most convenient. In all these 
processes it is essential that the ingredients be quite free from 
moisture and hydrogen, otherwise some carburetted hydrogen gas 
would be generated. The product should always be washed with 
lime water to separate it from carbonic acid. 

Henry has ascertained that when a succession of electric sparks 
is passed through carbonic acid confined over mercury, a portion of 
that gas is converted into carbonic oxide and oxygen. When a 
mixture of hydrogen and carbonic acid gases is electrified, a por- 
tion of the latter yields one half of its oxygen to the former; 
water is generated, and carbonic oxide produced. On electrifying 
« mixture of equal measures of carbonic oxide and protoxide of 
nitrogen, both gases are decomposed without change of volume, 
and the residue consists of equal measures of carbonic acid and 
nitrogen gases. The carbonic oxide should be in very slight 
excess, in order to ensure the success of the experiment. On this 
fiict is founded Henry's method of analyzing protoxide of nitrogen, 
and testing its purity, as will be more particularly mentioned in 
the fourth part of the work. 

Its eq. is 14-12 ; eq. vol. = 100 ; symb. C + O, CO, or C. 
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SECTION VII. 



SULPHUR, 



Hist. — It 0CCUI8 as a mineral production in Bome parts of the 
earth, particularly in the neighbourhood of volcanoes, as in Italy 
and Sicily. It is commonly found in a massive state ; but it is 
sometimes met with crystallized in the form of a right rhombic octo- 
hedron. It exists much more abundantly in combination with 
several metals, such as silver, copper, antimony, lead, and iron. 
It is procured in large quantity by exposing iron pyrites to a red 
heat in close vessels. 

Prop. — ^A nearly tasteless, brittle solid ; colour greenish 
yellow; odour when rubbed peculiar ; sp. gr. 1*99 ; non-conductor 
of electricity and heat. Its point of fusion is 232** ; between 232** 
and 280® it possesses the highest degree of fluidity, is then of an 
amber colour, and if cast into cylindrical moulds, forms the com- 
mon roll sulphur of commerce. It begins to thicken near 320% 
and acquires a reddish tint ; and at temperatures between 428® and 
482®, it is so tenacious that the vessel may be inverted without 
causing it to change its place. From 482® to its boiling point it 
again becomes liquid, but never to the same extent as when at 
248®. When heated to at least 428®, and then poured into water, 
it becomes a ductile mass, which may be used for taking the im- 
pression of seals. 

Fused sulphur has a tendency to crystallize in cooling. A crys- 
talline arrangement is perceptible in the centre of common roll 
sulphur ; and by good management regular crystals may be obtain- 
ed. For this purpose several pounds of sulphur should be melted 
in an earthen crucible ; and when partially cooled, the outer solid 
crust should be pierced, and the crucible quickly inverted, so that 
the inner and as yet fluid parts may gradually flow out. On break- 
ing the solid mass, when quite cold, crystals of sulphur will be 
found in its interior. 

Sulphur is very volatile. It begins to rise slowly in vapour 
even before it is completely fused. At 650° or 600® it volatilizes 
rapidly, and condenses again unchanged in close vessels. Common 
sulphur is purified by this process ; and if the sublimation be con- 
ducted slowly, the sulphur collects in the receiver in the form of 
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detached crystalline grains, called Jhwtrs of sulphur. lii this 
state, however, it is not quite pure; for the oxygen of the air 
within the apparatus combines with a portion of sulphur during 
the process, and forms sulphurous acid. The acid may be re- 
moved by washing the flowers repeatedly with water. 

The sp. gr. of sulphur vapour was found by Dumas to lie be- 
tween 6-51 and 6-617, and by Mitscherlich 6*9 (An de Ch. et 
Ph. Iv. 8.) : its sp. gr. by calculation (page £81) is 6*648. 
Hence, could the vapour continue as such at 60** and 80 Bair., lOO 
cubic inches should weigh 206*17 grains. 

Sulphur is insoluble in water. It dissolves readily in boiling oil of 
turpentine. The solution has a reddish brown colour like melted 
sulphur, and if fully saturated deposits numerous small crystals in 
cooling. It is also soluble in alcohol, if both substances are 
brought together in the form of vapour. The sulphur is precipi- 
tated from the solution by the addition of water. 

Sulphur, like charcoal, retains a portion of hydrogen so obsti- 
nately that it cannot be wholly freed from it either by fusion or 
sublimation. Davy detected its presence by exposing sulphur to 
the strong heat of a powerful galvanic battery, when some hydro- 
sulphuric acid gas was disengaged. The hydrogen, from its minute 
quantity, can only be regarded in the light of an accidental impu- 
rity, and as in no wise essential to the nature of sulphur. 

When sulphur is heated in the open air to 800^ or a little higher, 
it kindles spontaneously, and bums with a faint blue light. In 
oxygen gas its combustion is far more vivid ; the flame is much 
larger, and of a bluish white colour. Sulphurous acid is the pro- 
duct in both instances ; — ^no sulphuric acid is formed even in oxygen 
gas unless moisture be present. 

Crystals of native sulphur, which have been formed by the con- 
densation of sulphurous vapour, as well as those, which are depo- 
sited from a solution of sulphur in any menstruum, possess forms 
which are either identical, or connected by being referable to the 
same crystalline axes. Such, on the contrary, as are produced by 
the cooling of fused sulphur in the manner above described, belong 
to a different system of crystallization. The condition determining 
the form is temperature : if the crystal be formed below 282% it 
belongs to the right prismatic system ; if at that point, to the 
oblique prismatic. This is proved by the influence of temperature 
on a crystal of either system : a crystal of fusion when first formed 
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is perfectly clear and transparent, but kept at common tempera- 
tures, it soon becomes opaque, and presents the appearance of the 
roll sulphur of commerce : the same change occurs when a native 
crystal is placed in a solution of a salt which boils at ^S^"*. The 
opacity is in both cases produced by a new arrangement of the 
particles of sulphur, by which, without any change in the exterior 
form, the internal structure of the crystal is altered to correspond 
to the crystallization peculiar to the temperature. 

The eq. of sulphur is 161 ; eq. vol. 1666 ; symb. S. 

The compounds of sulphur described in this section are com- 
posed as follows : — 

Sulphur. Oxygen. Equiv. Formulae. 

Sulphurous acid 16*1 or 1 eq. -f 16 or 2 eq. = 32-1 S+20 or S 

Sulphuric acid 16-1 or 1 eq. -f 24 or 3 eq. = 40-1 S+30 or S 

Hyposulphurous acid 32-2 or 2 eq. + 16 or 2 eq. = 48*2 2S+20 or S^ 

Hyposulphuric acid 32-2 or 2 eq. + 40 or 5 eq. = 72*2 2S+50 or S 

Taking 16*66 as the eq. vol. of the vapour of sulphur, the weight 
of wh^ph is represented by 1*108 (page 231), these compounds, by 
measure, are thus constituted : — 

Sulp. Oxy. Cond. into. Densities. 

Sulphurous acid 16-66 -f 100 100 M08-f M025=2-2105 

Sulphuric acid 1666+150 100 1108+ 1-6537 =2-7617 

Hyposulphurous acid 33*33 + 100 unknown 

Hyposulphuric acid 33*33 + ^^^ unknown. 

SULPHUROUS ACID. 

Hist, and Prep. — Discovered as a gas by Priestley. It is the 
sole product of the combustion of sulphur in air or dry oxygen 
gas, and is freely evolved, mixed with carbonic acid, when chips of 
wood, straw, cork, oil, or most other organic matters are heated 
in strong sulphuric acid, which yields oxygen to the carbon and 
hydrogen of those substances, and is thereby converted into sulphu- 
rous acid. Nearly all the metals, with the aid of heat, have a 
similar effect : one portion of the acid yields oxygen to the metal, 
an(?i.is thus reduced to sulphurous acid; while the metallic oxide, 
at the moment of its formation, unites with sulphuric acid. A very 
pure gas may thus be obtained by means of copper or mercury. 

Prop. — Commonly gaseous, colourless, of a pungent suffocating 
odour, being that emitted by burning sulphur ; taste, acid ; sp.gr. 
2-ai06, and 100 C.I. at 60« and 80 Bar. weigh 68*691 grains ; it 
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is liquid at 46^ under the pressure of two atmospheres, and at 0° 
under that of one atmosphere. The gas extinguishes all burning 
bodies which are immersed into it, and is not inflammable. It does 
not support respiration, but causes violent irritation and spasm of 
the glottis ; and even when diluted with air, it excites cough when 
inspired, and causes a peculiar uneasiness about the chest. Water, 
at 60° and SO Bar. dissolves 33 times its volume, the solution 
having the peculiar odour of the gas, and yielding it unchanged by 
ebullition. It has considerable bleaching properties : at first it 
reddens litmus paper, and then slowly bleaches it ; but most vege- 
table colours, as of the rose and violet, are speedily removed by it 
without being first reddened. The colouring principle is not de- 
stroyed, but may be restored by a stronger acid or by an alkali. 

Davy proved that sulphurous acid gas contains exactly its own 
volume of oxygen (Elements, p. 278), and consequently the dif- 
ference in the weights or sp.gr. of these gases (2*2105 — 1-1025 
= 1*108) gives the weight of sulphur combined with oxygen. The 
sulphur and oxygen are thus found to be in the ratio of 1*108 to 
11025, or 16-1 to 16. 

Liquid sulphurous acid is easily obtained by transmitting the 
dry pure gas through a glass tube surrounded by a freezing mixture 
of snow and salt. Its sp.gr. is 1*45; it boils at 14% and from 
the rapidity of its evaporation causes intense cold; it conducts 
electricity (Kemp). When exposed to cold in the moist state, a 
crystalline solid is formed, which contains 20 per cent of water, and 
probably consists of 1 eq. of the acid to 14 eq. of water. 

Though sulphurous acid cannot be made to bum by the approach 
of flame, it has a very strong attraction for oxygen, uniting with 
it under favourable circumstances, and forming sulphuric acid. 
The presence of moisture is essential to this change. A mixture of 
sulphurous acid and oxygen gases, if quite dry, may be preserved 
over mercury for any length of time without chemical action ; but 
if a little water be admitted, the sulphurous add gradually unites 
with oxygen, and sulphuric acid is generated. Many of the che- 
mical properties of sulphurous acid are owing to its affinity for 
oxygen. The solutions of metals which have a weak affinity for 
oxygen, such as gold, platinum, and mercury, are completely de- 
composed by it, those substances being precipitated in the metallic 
form. Nitric acid converts it instantly into sulphuric acid by 
yielding some of its oxygen. Peroxide of manganese causes a simi- 
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lar change, and is itself converted into protoxide of manganese, 
vhicli unites with the resulting sulphuric acid. 

Sulphurous acid gas may be passed through red-hot tubes with- 
out decomposition. Several substances which have a strong affinity 
for oxygen, such as hydrogen, carbon, and potassium, decompose it 
at the temperature of ignition. 

Sulphurous acid combines with metallic oxides, and forms salts 
vhich are called sulphites, which are decomposed by sulphuric acid, 
and then emit the characteristic odour of sulphurous acid. 

Its eq. is 82-1 ; eq. vol. = 100 ; symb. S + 20, SOj, or S. 

SULPHURIC ACID. 

Hist, and Prep.— Sulphuric acid, or oil of vitriol as it is often 
called, was discovered by Basil Valentine towards the close of the 
16th century. It is procured for the purposes of commerce by 
two methods. One of these has been long pursued in the manu- 
factory at Nordhausen in Germany, and consists in decomposing 
sulphate of oxide of iron (green vitriol) by heat. This salt con- 
tains 6 eq. of water of crystallization ; and when strongly dried by 
the fire, it cnunbles down into a white powder, which, according to 
Thomson, contains 1 eq. of water. On exposing this dried proto- 
sulphate to a red heat, its acid is wholly expelled, the greater part 
passing over unchanged into the receiver, in combination with the 
water of the salt. Part of the acid, however, is resolved by the 
strong heat employed in the distillation into sulphurous acid and 
oxygen. The former escapes as gas throughout the whole process ; 
the latter only in the middle and latter stages, since, in the begin- 
ning of the distillation, it unites with the protoxide of iron. Per-, 
oxide of iron is the sole residue. 

The acid, as procured by thie process, is a dense, oily liquid of 
a brownish tint. It emits copious white vapours on exposure to 
the air, and is hence called fuming sulphuric acid. Its sp. gr. is 
1*89 6 or 1'90. According to Thomson it consists of 80 parts or 
2 eq. of anhydrous acid, and 9 parts or 1 eq. of water. On putting 
this acid into a glass retort, to which a receiver surrounded by snow 
is securely adapted, and heating it gently, a transparent colourless 
vapour passes over, which condenses into a white crystalline solid. 
This substance is pure anhydrous sulphuric acid. It is tough and 
elastic ; liquefies at 66® and boils at a temperature between 104° 
and 122% forming, if no moisture is present, a transparent vapout. 
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Exposed to the air, it unites with wateiy vapowrt and flies off in 
the fonn of dense white fumes. The residue of the diwtiUatioE is 
no longer fuming, and is in every respect siniilar io ilK^ ittNWmtffl 
acid of commerce. 

The other process for forming sulphuric acidt which if fiittiiWMi 
in Britain and in most parts of the Coatimentf k by UmitA^J sul- 
phur previously mixed with one-eighth of its weight (vfuiimi^of 
potassa. The mixture is burned 'in a furnace so contrii:ad tl^rftdie 
current of air^ which supports the combustion, conducte (b^ gUi^oui 
products into a large leaden chamber, the bottonvof vhioh i(3 
covered to the depth of several inches with water. Tl^ oitiic 
acid yields oxygen to a portion of sulphur, and converU it into «hI- 
phuric acid, which combines with the potassa of the nitfc ; while 
the greater part of the sulphur forms sulphurous acid by uidtiag 
with the oxygen of the air. The nitric acid, in losing oxygen, i$ 
converted, partly perhaps into nitrous acid, but chiefly into bin- 
oxide of nitrogen, which, by mixing with air at the moment of its 
separation, gives rise to the red nitrous acid vapours. The gaseous 
substances^ present in the leaden chamber, are therefore sulphurous 
and nitrous acids, atmospheric air, and watery vapour. The ex- 
planation of the mode in which these substances react on eadi 
other, so as to form sulphuric acid, was suggested by the experir 
ments of Clement and D^sormes (An. de Ch. lix.), and Davy 
(Elements, p. 276). When dry sulphurous acid gas and nitrous 
acid vapour are mixed together in a glass vessel quite free ^m 
moisture, no change ensues ; but if a few drops of water be added, 
in order to fill the space with aqueous vapour, the white crystalline 
compound, described at page 280, is immediately produced. Cle- 
ment and Desormes believed it to consist of sulphuric acid, bin- 
oxide of nitrogen, and water ; and Davy, of sulphurous acid, 
nitrous acid, and water. But the observation, that the same 
compound may be made with sulphuric and anhydrous nitrous acids, 
and that when decomposed by water both nitrous acid and binoxide 
of nitrogen are disengaged, led Gay-Lussac to the opinion wh^ch 
now seems to be fully substantiated by experiment. (Page £8l.) 
A consistent account may, therefore, be given of what really takes 
place within the leaden chambers. — The mutual reaction of humidity, 
sulphurous acid, and nitrous acid, gives rise to the crystalline com- 
pound of sulphuric acid, hyponitrous acid, and water ; and when 
this solid falls into the water of the chamber, it is instantly decom- 
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|>oied, SYtlphtmc fteid is dissolved, and nitrons acid and binoxide of 
nilroges escape with eflfervescence. The nitrous acid thus set free, 
«s well as that reproduced by the binoxide uniting with the oxygen 
of the atmosphere, is again intermixed with sulphurous acid and 
ktrakiiiy, and thus gives rise to a second portion of the crystalline 
tmKd) whieh undergoes the same change as the first. A certain 
poftien (Df nitric acid is usually formed by the action of water on the 
fiitifms acid ; but the presence of sulphuric acid in that water tends 
to pterent the free decomposition of nitrous acid which pure water 
prodnoes. Nay, when the water becomes pretty strongly acid, the 
nKric acid at first generated is reduced, by absorbed sulphurous 
arid, into the hyponitrous, which unites with sulphuric acid, and 
remains even after concentration : it is the cause of the evolution- 
of binoxide of nitrogen which usually ensues when common oil of 
vitro! is diluted, the hyponitrous acid being then decomposed by 
the water (Dana). When the water of the chamber is sufficiently 
charged with acid, it is drawn off, and concentrated by evaporation. 
It hence appears that the oxygen, by which the sulphurous is 
c onver t ed into sulphuric acid, is in reality supplied by the air ; 
that the combination is effected, not directly, but through the 
medium of nitrous acid ; and that a small quantity of nitrous acid 
is sufficient for the production of a large quantity of sulphuric acid. 
The decomposition of the crystalline solid by water seems owing to 
die strong affinity of that liquid for sulphuric acid. 

Besides h3rponitrous acid as above stated, it contains potassa, and 
the oxide of lead and sometimes iron, the first derived from the 
nitre employed in making it, and the two latter from the leaden 
chamber. To separate them, the acid should be distilled from a 
glass or platinum retort : the former may be safely used by putting 
into it some fragments of platinum leaf, which cause the acid to boil 
freely on applying heat, without danger of breaking the vessel.- 
Arsenious acid, derived from arsenic in the sulphur used in the ma- 
nufacture, has been lately detected in most of the oil of vitriol made 
in Germany ; and from that source arsenic is introduced into pre- 
parations for which such acid is employed, as into phosphorus and 
Kydrochloric acid. The arsenic is discovered by diluting with 
water and transmitting through the solution hydrosulplmric acid 
gas, which causes orpiment to be formed. The oil of vitriol may 
be purified from arsenious acid by adding a little hydrated peroxide 
of iron before distilling. ■ ■ '•' 
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^ Prop.— -As obtained by the second jurQcess, pure sulpbmc acid 

is a dense, colourless, oily fluid, which boils at 630"^ F., and has a 
up. gr. in its most concentrated form, of 1*847 or a iitUe higher, 
never exceeding 1*850. Mitscherlich found the density of, its 
Tapour to be 3 ; but the calculated number, ^:76i7,.i8 probt^bly 
nearer the truth. It is one of the strongest acids with vbicii che- 
mists are acquainted, and when undiluted i& powerfully corrosive 
It decomposes all animal and vegetable substances by the aid <^ 
heat, causing deposition of charcoal and formation of watez. It 
has a strong sour taste, and reddens litmus paper, even though 
greatly diluted. It unites with alkaline substances, and separates 
all other acids more or less completely &om their combinations with 
the alkalies. 

In a very concentrated state it dissolves small quanties of sulphur, 
and acquires a blue, green, or brown tint. Tellurium and selenium 
are also sparingly dissolved, the former causing a crimson, aad-the 
latter a green colour. By dilution with water, these substancos 
subside unchanged ; but if heat is applied, they are oxidized at the 
expense of the acid, and sulphurous acid gas is disengaged. Ohar» 
coal also appears soluble to a small extent in sulphuric acid, comr 
municating at first a pink, and then a dark reddish brown tint* 

It has a very great affinity for water, and unites with it in every 
proportion. The combination takes place with production of in^ 
tense heat. When four parts by weight of the acid are suddenly 
mixed with one of water, the temperature of the mixture rises, 
according to Ure, to 800**. By its attraction for water it causes the 
sudden liquefaction of snow ; and if mixed with it in due propor- 
tion (p. 60), intense cold is generated. It absorbs watery vapour 
with avidity from the air, and on this account is employed in the 
process for freezing water by its own evaporation. Its action in de- 
stroying the texture of the skin, and in decomposing animal and yegen 
table substances in geneml, seems dependent on its affinity for watear. 
To ascertain the quantity of real acid present in liquid acid of 
different strengths, dilute a known weight of the acid modeiatdiy 
with water, and, while warm, add pure anhydrous carbonate ^ 
soda, until the solution is exactly neutral. Every 58*8 psorls of 
carbonate of soda, required to produce this effect, correspond %o 
40*1 parts of real sulphuric acid. If minute precision is not desired, 
the strength of the acid may be estimated by its sp. gr. according to 
the table of Ure inserted in the Appendix. 
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feulpkutic add of commerce freezes at — 16*. Diluted with 
water 80 as to Lave a sp. gr. of 1-78 it congeals even above 3^, 
and f^maiiifi in the solid state, according to Keir, till the tempera- 
ture rises to 45"^, When mixed with rather more than its weight 
of water, its freezing point is lowered to — 86®. 

The composition of sulphuric acid as before given is founded on 
the obs^vation of Gay-Lussac, that when the vapour of sulphuric 
acid is passed through a small porcelain tube heated to redness, it 
is resolved into two measures of sulphurous acid gas and one of 
Oxygen. Berzelius has confirmed this conclusion by directly con- 
verting a known weight of sulphur into sulphuric acid. 

Chemists possess an unerring test of the presence of sulphuric 
acid. If a solution of chloride of barium is added to a liquid con- 
feiniiig sulphuric acid, it causes a white precipitate, sulphate of 
fcwyta, which is characterised by its insolubility in acids and alkalies. 
• Sulphuric acid does not occur free in nature, except occasionally 
in the neighbourhood of volcanoes. In combination, particularly 
with lime and baryta, it is very abundant. 

Ifypoiulpkurous Jcid.'-^Ii may be formed either by digesting 
sulphur in a solution of any sulphite^ or by transmitting a current 
of sulphurous acid into a solution of sulphuret of calcium or stron- 
tium. In the former case, the sulphurous acid takes up an addi- 
tional quantity of sulphur, and a salt of hyposulphurous acid is ob- 
tained ; and in the latter, the sulphurous acid gives part of its 
oxygen to the metal, and its remaining oxygen unites with sulphur. 
Three equivalents of sulphurous acid and two of sulphuret of calcium 
Ckrditain the elements for forming two eq. of hyposulphite of lime, 
one eq. of sulphur being deposited. A convenient solution for this 
purpose is made by boiling 8 parts of slaked lime and one of sul- 
phur with 20 parts of water for one hour, and decanting the clear 
liquid from the undissolved portions ; but when this solution is 
used, the deposite of sulp|iur is abundant. Herschel states that 
hy^sulphurous acid may be formed by the action of sulphurous 
|i6id oft iron filings ; but the nature of the change is not well un- 
dersttood. 

liie salts of hyposulphurous acid were first described by Ghiy- 
iiUS8ac'(An. de Ch. Ixxxv.) under the name of Sulphuretted Sul* 
phites. Thomson in his System of Chemistry suggested that the 
acid of these salts might be regarded as a compound of one equivap- 
lent of sulphur and one of oxygen, and proposed for it the name of 
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hyposulphurous acid ; and the subsequent researches of Hersdiel 
(Phil. Journal, i. 8 and 396) accorded so entirely with this opinion, 
that it was universally adopted. But it appears £rom the . e^peii-^ 
ments of Rose, that though the ratio of its elements is ^ 16 to 8, 
the equivalent of the acid, or the quantity required to neutralize 1 eq. 
of an alkali, is not 24, but 48 ; and hence that its smallest molecule 
must be formed of 2 atoms of sulphur united with S atoms of 
oxygen (Pog. Ann. xxi. 481). 

Prop, — It cannot exist permanently in a free state. On decom- 
posing a hyposulphite by any stronger acid, such as the sulphuric or 
hydrochloric, the hyposulphurous acid, at the moment of quitting 
the base, resolves itself into sulphurous acid and sulphur. Herschel 
succeeded in obtaining free hj^osulphurous acid, by adding a slight 
excess of sulphuric acid to a dilute solution of hyposulphite of 
^trontia ; but its decomposition very soon took place, even at com- 
mon temperatures, and was instantly effected by heat. Most of the 
hyposulphites are soluble in water, and have a bitter taste. The 
solution precipitates the nitrates of the oxides of silver and mercury 
black, as sulphuret of the metals ; and salts of baryta and oxide of 
lead are thiown down as white insoluble hyposulphites of thoset 
bases. That of baryta is soluble without decomposition in water 
acidulated with hydrochloric acid. The solution of all the neutral 
hyposulphites has the peculiar property of dissolving recently pre- 
cipitated chloride of silver in large quantity, and forming with it a 
liquid of an exceedingly sweet taste. 

HyposulpkuricAcid. — It was discovered in 1819 by Welter and 
Gay-Lussac (An. de Ch, et Ph. x.), and is formed by transmitting 
a current of sulphurous acid gas through water containing peroxide 
of manganese in fine powder ; when, by a new arrangement of their 
elements, 

2 eq. Sulp. add & 1 eq. Perox. Mang. 3 1 eq. Protox. Mang. & 1 eq. Hyposulp. add, 
2(S-|-20) Mn-1-20 -^ Mn+0 2S-f60, 

hyposulphate of protoxide of manganese remaining in solution. 
During the action heat is freely evolved, and in consequence sul- 
phuric acid is also generated ; but if the peroxide of manganese b^ 
pure and the materials kept cool, the formation of sulphuric acid is 
almost completely prevented. To the liquid, after .filtration^ ^ 
solution of pure baryta or sulphuret of barium in slight excess is 
added, whereby the manganese is thrown down as an oxide oir.^ijdT 
phuret, sulphuric acid as sulphate of baryta, and a solutlo/^ ^ t^fPO?- 
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fenlphate! of baryta is obtained : the excess of baryta is got rid of by 
a free current of carbonic acid gas, and then heating the solution. 
The hyposulphate of baryta crystallizes by evaporation, and on de-i- 
cdinposiiig a solution of that salt by a quantity of sulphuric acid 
exactly suflScient for precipitating the baryta, the hyposulphuric acid 
is left in solution. 

Prop. — Taste sour ; distinct acid reaction ; neutralizes alkalies ; 
inodorous, and thus distinguished from sulphurous acid ; forms solu- 
ble salts with baryta, strontia, lime, and oxide of lead, by which it is 
distinguished from sulphuric acid. It cannot be obtained free from 
water. Its solution, if confined with a vessel of sulphuric acid under 
the exhausted receiver of an air pump, may be concentrated till it 
has a density of 1'847 ; but if an attempt is made to condense it 
still fiirther, the acid is decomposed, sulphurous acid gas escapes, 
and sulphuric acid remains in solution. A similar change is still 
more readily produced if the evaporation is conducted by heat. 

Welter and Gay-Lussac analyzed hyposulphuric acid by exposing 
neutral hyposulphate of baryta to heat. At a temperature a little 
above 212° this salt suffers complete decomposition ; sulphurous 
acid gas is disengaged, and neutral sulphate of baryta is obtained. 
It was thus ascertained that 72 grains of hyposulphuric acid yield 
82 grains of sulphurous, and 40 of sulphuric acid ; from which it iS 
inferred that hyposulphuric acid is composed either of an equivalent 
of each of those acids combined with each other, or of 2 eq. of 
sulphur and 5 of oxygen. 

SECTION VIII. 

PHOSPHORUS. 

' Hist, and Prep, — Phosphorus {(pek)(r(po^og^ from (p5g light and 
xpiguv to carry) y so called from its property of shining in the 
dark, was discovered about the year 1669 by Brandt, an alchemist 
of Hamburgh. It was originally prepared from urine ; but Scheele, 
after Gahn''s discovery of bones containing phosphate of lime, ex- 
tracted it from that source. The bones are first ignited in an opeii 
fire till they become white, so as to destroy their animal matter, 
und bum away the charcoal derived from it, in which state they 
contain nearly 4-5 ths of phosphate of lime. They are then re- 
duxifed to a fine powder, and digested for a day or two with half their 
weight of strong sulphuric acid, with the addition of so much water 
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as will give tlie consistence of a thin piu9te. ~ Decomposition of the 
phosphate of lime is thus effected, and two new salts formed, the 
sparingly soluble sulphate and a soluble superphosphate of 'lime; 
The latter is dissolved in warm water, and the sohitiim, after being 
separated by filtration from the sulphate of lime^ is ev^poiafefd t^ 
the consistence of syrup, mixed with a fourth of its n^^ig^t*^ 
powdered charcoal, and strongly heated in an earthen retort well 
luted with day. The beak of the retort is put into water, in 
which the phosphorus, as its vapour passes over, is co>ndmsped. 
When first obtained it is usually t>f a reddish brown colour^ owing 
to the presence of phosphuret of carbon formed during tlie process. 
It may be purified by fusion in hot water, and being- pressed while 
liquid through chamois leather, or by a second distillation*' . ' 

In this process the oxygen of that part of the phosphoric aoid 
which constitutes the superphosphate, unites with charcoal, giving 
rise to carbonic acid and carbonic oxide gases ; and phosphate of 
lime in the state of bone earth, together with redundant charcoal, 
remains in the retort. The lime acts an important part in fixing 
the phosphoric acid, which if not so combined would distil over 
before the heat was high enough for its decomposition. In extract- 
ing phosphorus firom urine, the phosphoric acid should be thrown 
down by acetate of the oxide of lead, and the insoluble salt con- 
verted by the action of sulphuric acid into the superphosphate, 
which is decomposed by charcoal as in the former process. 

Prop, — When pure, transparent and almost colourless. At 
common temperatures it is a soft solid of sp. gr. 1*77 ; is easily 
cut with a knife, and the cut surface has a waxy lustre : at 108** it 
fuses, and at 650° is converted into vapour, which according to 
Dumas has a sp. gr. of 4'855. It is soluble by the aid of heat in 
naphtha, in fixed and volatile oils, in the chloride of sulphur, 
sulphuret of carbon, and sulphuret of phosphorus. On its cooling 
from solution in the latter, Mitscherlich obtained it in regular do- 
decahedral crystals. By the fusion and slow cooling of a laige 
quantity of phosphorus, M. Frantween has obtained very fine crystals 
of an octohedral form, and as laige as a cherry-stone. Thenard has 
remarked that when phosphorus is fused at 150% and suddenly 
cooled by being plunged into cold water, it appears black ; but by 
fusion and slow cooling it recovers its original aspect. 

It is exceedingly inflammable. Exposed to the air at common 
temperatures, it undergoes slow combustion, emits a white vAponr 
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of a peculiar alliaceous odour, appears dialinctly liiniinous in the 
dark, and is gradually consumed. On this account, phosphorite 
should always bo kept under water. The disappearance of oxygen 
which accompaniea these chacges is shown by putting a stick of 
phosphorus in a jar full of air, inverted over water. The volume of 
the gas gradually diminishes; and if the temperature of the air is at 
60", the whole of the oxygen will be withdrawn in the course of 
18 or 24 hours. The residue is nitrogen gas, containing about 
1-iOth of its bulk of the vapour of phosphorus. It is remarkable 
that the slow combustion of phosphorus does not take place in pure 
oxygen, unless its temperature be about 80°. But if the oxygen 
be diluted with nitrogen, hydrogen, or carbonic acid gases, the 
oxidation occurs at 60" ; and it takes place at temperatures still 
lower in a vessel of pure oxygen, rarefied by diminished pressure. 
Mr. Graham finds that the presence of certain gaseous substances, 
even in minute quantity, has a remarkable effect in preventing the 
slow combustion of phosphorus : thus at 66" it is entirely prevented 
by the presence, (Quart. Jour, of Science, N. S. vi. 83,) 

Volumes of air. 

of 1 volume o! oleliftat gas ia , . 450 

1 ditto of vapour of sulpharic ether in . ISO 

rr 1 ditto of vapour ofuaplitliii in , 1830 

1 ditto of vapour of oil of turpentine in . 4444, 

and by an equally slight impregnation of the vapour of the other 
essential oils. Their influence is not confined to low temperatures, 
.phosphorus becomes faintly luminous in the dark, in mixtures of 

I volume of air and 1 volume of oleGant gai at . 200° F. 
' 1 . . and 1 ditto of vapour of ether at . 316" 

1 111 . . and I ditto of vapour of naphtha at 170° 

156 . . and I ditto of vapour of luipenliuB at 186°. 

M It may be sublimed at its boiling temperature, in air containing 
a considerable proportion of the vapour of oil of turpentine, without 
. diniinishing the qioantity of oxygen present, provided the heat be 
-gradually and uniformly applied, Mr. Graham has also remarked, 
i.^at the oxidation of phosphorus in the air is promoted by the 
,. presence of hydrochloric acid gas. 

., A very slight degree of heat is sufficient to inflame phosphorus 
yin the open air. Gentle pressure between the fingers, friction, or a 
/'temperature not much above its point of fusion, kindles it readily. 
It bums rapidly even in the air, emitting a splendid white light, 
,)Snd causing intense heat. Its combustion is far more rapid in 
> oxygen gas, and the light proportionally more vivid. 
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- When pkosphonifi is kept for a long time under^ivaler^ eapeciaUf 
if exposed to li^t^ its ^ui&oe ^Mrquires a thia; floating > of ivhite 
nattc^, which seme have described as an> t<ixide^ aAd-^otl^eiB ill a 
hydrate of phosphorofi. It seems accoxding to Rose^ to be aeithtf 
aa oxide nor a hjdrate, but phosphoms in a peculiar laechaiiioftl 
qtate, which deprives it of its nsual action upon lighi.and lendeia 
it opaque. (Pog. Annalen, xxvii. 565.) 

Repeated researches by Berzelius have shown that the oxygen 
in phosphorous and phosphoric acids is in the ratio of 3. to. 5^ a 
lesult conformable to experiments on the same subject by Dalosg, 
and admitted by most chemists. It is hence infeiTod that' the 
smallest molecule of phosphoric acid contains 5 atoms of oxygen. 
Also Berzelius finds that 81*4 parts of phosphorus require 40 of 
oxygen for forming phosphoric add: if this acid consist of one 
9tom of phosphorus and five atoms of oxygen, 81*4 will represent 
•ne atom of phosphorus ; or if the acid contain 2 atoms to 6, the 
atom of phosphorus will be half 81*4 or 15*7. It is doubtful whidi 
view is preferable, and I therefore continue to use the latter. 
f Its equivalent is therefore 15 7 ; eq. vol. = 25 ; symb. P. 

The compounds of phosphorus described in this section are the 
following :— 

Phosp. Oxygen. Equiv. Formulas. 

Oxide of Phosphorus 47- 1 or 3 eq.+ 8 or 1 eq. = 65-1 3P+0 or P.O 

Hypophosphorous acid 31'4 or 2 eq.-j- 8 or 1 eq. =z 39*4 2P-i-0 or PaO 

Phoaphorous acid 31-4 or2 eq.+24 or 3 eq.= 65*4 2P+30 or P^O, 
Phosphoric acid *} 

Pyrophosphoric acid > 31*4 or 2 eq.-f 40 or 5 eq. = 71'4 2P+60 ot V^O^ 
Metaphosphoric acid J 

COMPOUNDS OF OXYGEN AND PHOSPHORUS. 

, Oxide. — When a jet of oxygen gas is thrown upon phoi^horus 
^hile in fusion under hot water, combustion ensues, phosphoric 
acid is formed, and a number of red particles collect, which have 
been examined by M. Pelouze, who has shown them to be an oxide 
pf^ phosphorus. The red matter left when phosphorus is burned, 
is probably of the same nature. 

, , This, the only known oxide of phosphorus, is of a red colour^ 
without taste or odour, and is insoluble in water, ether^ aJcohol, 
ajnd oil. It is permanent in the air, even at 662^ P., but takes 
fire at a low red heat. Heated to redness in a tube, phosphorus 
is expelled, and metaphosphoric acid remains. It takes fiie in 
chlorine, .gas, and is rapidly oxidized by nitric acid. It does not 
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sppe8Y>' ta possees any alkaline eharacter. (An. cle Ch. et Ph. 
h 88.) Its equivalent is 55-1 ; symb. 3P + O, or P3O. . 

Hypopbesphoraus Acid. — This acid was discoyered in 1816 by 
I>along. (An. de Ch. et Ph. ii.) When water acts upon the 
phosphuret of baihini the elements of both enter into a new ar- 
langemetti, giving rise to phosphuretted hydrogen, phosphoric acid, 
hypophosphorous acid, and baryta. The former escapes in the 
imnf of gas, and the two latter combine with the baryta. Hypo- 
phiosphite of baryta, being soluble, dissolves in the water, and may 
Gcoiseqtitotly be separated by filtration from the phosphate of 
baeyta, which is insoluble. On adding a sufficient quantity of 
sulphuric acid for precipitating the baryta, hypophosphorous acid 
is obtained in a free state, and on evaporating the solution, a viscid 
liquid remains, highly acid and even crystallizable, which is a 
hydrate of hypophosphorous acid. When exposed to heat in 
close vessels, it undergoes the same kind of change as hydrated 
phosphorous acid. 

Prop, — It is a powerful deoxidizing agent. It unites with 
alkaline bases ; and it is remarkable that all its salts are soluble in 
water. The hypophosphites of potassa, soda, and ammonia, dis- 
solve in every proportion in rectified alcohol ; and hypophosphite 
of potassa is even more deliquescent than chloride of calcium. They 
xire all decomposed by heat, and yield the same products as the 
acid itself. They are conveniently prepared by precipitating hypo- 
phosphite of baryta, strontia, or lime, with the alkaline carbonates ; 
or by directly neutralizing these carbonates with hypophosphorous 
acid. The hypophosphite of baryta, strontia, and lime, are formed 
by boiling these earths in the caustic state in water together with 
fragments of phosphorus. The same change occurs as during the 
action of water on phosphuret of barium. The composition of this 
acid as stated at page 812, is on the authority of Rose. (Poggen. 
Annalen, ix. 367.) Its eq. is 89*4 ; symb. 2P + O, p, or PgO. 

Phosphorous Acid. — Prep, — When phosphorus is burned in air 
highly rarefied, imperfect oxidation ensues, and metaphosphoric and 
phosphorous acids are generated, the latter being obtained in the form 
of a white volatile powder. It may be procured more conveniently 
by subliming phosphorus through powdered bichloride of mercury 
contained in a glass tube; when a limpid liquid comes over, which 
is a compound of chlorine and phosphorus. (Davy^s Elements, 
p. £88.) This substance and water mutually decompose each 
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oUier : the hycbogen of water unites \nth tke chk^ine, and forom 
hydrochloric acid; while the oxygen attaches itself to the phos^ 
phorus, and thus phosphorous acid is pKkiticed* The sblutioa is 
then eyapomted to the consistence of syrup to expel the hydro- 
chloric acid ; and the residue^ which is hydrate of phosphoroiiSAcid, 
be6<»nes a crystalline solid on cooling. It is also generated during 
the slow oxidation of phosphorus in atmospheric air. The psodnct 
attntcts moisture from the air, and formB an oil-likeiiqnid^ Dulong 
thinks that a distinct acid is produced in this case, wYoAl he calls 
phosphatic acid ; but the opinion of Davy, that it is merely a 
mixture of phosphoric and phosphorous acids, is in mj opisicm 
perfectly correct. 

Prop. — When obtained by the first process, it is anhydrous. 
Heated in the open air, it takes fire and forms metaphosphoric acid ; 
but in close vessels it is resolved into metaphosphoric acid and 
phosphorus. The action of the hydrate under the latter circum- 
stances is different, owing to the reaction of the elements of the 
water and acid, by which metaphosphoric acid and a gaseous com- 
pound of phosphorus and hydrogen are produced. The nature of 
this gas will be more particularly noticed in the section on phos- 
phuretted hydrogen. It dissolves readily in water, has a sour 
taste, and smells somewhat like garlic. It unites with alkalies, 
and forms salts which are termed phosphites. The solution of 
phosphorous acid absorbs oxygen slowly from air, and is converted 
into phosphoric acid. From its tendency to unite with an addi- 
tional quantity of oxygen, it is a powerful deoxidizing agent ; and 
hence, like sulphurous acid, precipitates mercury, silver, platinum, 
and gold, from their saline combinations in the metallic form. 
Nitric acid converts it into phosphoric acid. 

Its eq. is 55' 4i ; symb. 2P + 80, P, or P^O^. 

Phosphoric Acid. — Hist. — It was shown in the year 1827 by 
Dr. Clarke, now Professor of Chemistry in Aberdeen, that under 
the term phosphoric acid had previously been confounded two 
distinct agids, one of which he proposed to distinguish by the name 
pyrophosphoric acid (from wg^r^)y to indicate that it is phos- 
phoric acid modified by heat ; and very lately Mr. Graham has 
described another modification of phosphoric acid, to which he has 
given the provisional name of metaphosphoric (fi:om f/tira together 
with)y implying phosphoric acid and something besides ; but this 
name is rather unfortunate, since it is applied tp the only one of 



PHOSPHORUS. 3(5 

the tliree modificationa which can be obtained free from water. 
Perhaps paraph oaphoric (from a-a^a near to) would be more appro- 
priate. Theae three acids contain phosphorus and oxygen in the 
same ratio, and have the same equivalent, go that they may be 
considered as isomeric bodies (page 240) ; but that ilifFerence in 
^e arrangement of their elements on which their peculiarities may 
be presumed to depend, is very slight, since they are easily eon- 
Tfertible iuto each other. Mr, Graham, indeed, supposes the diiFer- 
ence to arise solely from a disposition to unite in different propor- 
tions with water and alkaline bases ; but this view scarcely suffices 
SB an explanation, because it does not account for the peculiar 
disposition which causes their distinctive characters. (Phil. Trans. 
1833, Part ii., and Phil. Mag. 3rd Series, jv. 401.) 

Prep. — Phosphoric acid has hitherto been obtained only in com- 
bination with water or some alkaline base. One of the best modes 
for procuring it> is to oxidize phosphorus by strong nitric acid ; but 
fli this process care is necessary, as the action is sometimes very vio- 
lent, and the escape of binoxide of nitrogen gas ungovernably rapid. 
jt is safely conducted by adding fragments of phosphorus, or the 
BO-called phosphatic acid, to strong nitric acid contained in a 
platinum crucible partially closed by its cover. Gentle heat is 
applied so as to commence, and, when necessary, to maintain 
^odcrutc efFervescence ; and when one portion of phosphorus dis- 
appears, another is added, till the whole of the nitric acid is ex- 
hausted. The solution is then evaporated to dryness, and exposed 
to a red heat to expel the last traces of nitric acid. This should 
always be done in vessels of platinum, since phosphoric acid acta 
chemically upon those of gloss or porcelain, and is thereby render- 
ed impure. In this case, as in some other instances of the oxida- 
tion of combustibles by nitric acid, water is decomposed ; and while 
its oxygen unites with phosphorus, its hydrogen combines with 
nitrogen of the nitric acid. A portion of ammonia, thus generated, 
is expelled by heat in the last part of the process. 

Phosphoric acid may be prepared at a much cheaper rate from 
>>ones. For this purpose, superphosphate of lime, obtained in the 
iray alraidy described, should be boiled for a few minutes with 
eicess of carbonate of ammonia. The lime is thus precipitated as 
•& phosphate, and the solution contains phosphate, together with a 
little sulphate, of ammonia. The liquid, after filtration, is evapo- 
»ted to dryness, and then ignited in a platinum crucible, by which 
^eans the ammonia and sulphuric acid are expelled. 



. • In both the foregoing' processes ptosphorfcaWct" exists only iff 
solution ; for on heating to redness in oMer to expel {inilbohia in tHe 
due case and nitric acid in the other, metaphosphorife a<Sd is gene- 
rated. To reproduce the phosphoric acid, the residue In the crutible- 
requires to be dissolved in water and boiled for a fbw minutes; 

Prop, — Phosphoric acid is colourless, intensely sour t6 the taste, 
reddens litmus strongly, and neutralizes alkalies ; hat it does tot 
destroy Uie texture of the skin like sulphuric and nitric ^eida^ Its 
solution may be evaporated at a temperature of 300** without de« 
composition, and when thus concentrated it assumes a dturk colour, 
is as thick as treacle when cold^ and consists of 71*4 parts or 1 eq; 
of phosphoric acid and 27 parts or 3 eq. of water. Mr. Qraham. 
obtained this hydrate in thin crystalline plates, which were; ex- 
tremly deliquescent, by keeping it for seven days in vacuo abxag 
with sulphuric acid. On heating this hydrate for several days to 
415**, it lost nearly two-thirds of an equivalent of water, and then 
principally consisted of pyrophosphoric acid with two equivalents 
of water. At a still higher temperature metaphosphoric acid began 
to be formed; and at a red heat the conversion was complete. 
But after ignition it still contains water, amounting, aoccmling to 
Rose, to 9*44 per cent, which is rather more than an equivalent^ of 
water to one of metaphosphoric acid. 

Phosphoric acid is remarkable for its tendency to unite with 
alkaline bases, in such proportions that the oxygen of the base 
^nd of the acid is as 3 to 5 ; or, in other words, it is prone to 
form subsalts, in which one equivalent of acid is combined with 
three equivalents of base. It manifests the same character in 
regard to water, and ceases to be phosphoric acid unless three 
equivalents of water to one of acid are present : it even appears 
that the water acts the part of a base, hence called basic wat^, 
and that the aqueous solution is not a mere solution of phosphoric- 
acid, but of triphosphate of water, a sort of salt composed of one, 
equivalent of acid and three equivalents of water. Part of this basic 
water enters along with soda into the constitution of two of »the 
phosphates of soda, the water and soda together forming the tbi^^ 
equivalents of base required by one equivalent of the acid. This 
point will be more fully described in the history of the phosphates. 

When phosphoric acid is neutralized by ammonia and mixed 
with nitrate of oxide of silver, the yellow phosphate of that o^de 
subsides, a character by which it is distinguished from pyrophos*. 
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phone and metaphosphdric acids, as well as from all other acids 
ex/cept the arsenious. A certain test between phosphoric and arse- 
nious acids is> that the former is neither changed in colour nor 
precipitated when a stream of hydrosulphate acid gas is transmitted 
through it ; while the latter, with the required precautions, first 
acquires a yellow tint, and then yields a yellow precipitate. 

• • • 

Its eq. is 71*4 ; symb. 2P + 50, P, or PO5 : but as it cannot 
eiiBt unccmibined, it is best denoted by Xg. PO5, where X repre- 
sents an Equivalent of water or any base. 

Pjfrophosphoric Acid, — This acid is formed by exposing con- 
centi^ted phosphoric acid for some time to a heat of 415^. Its 
general characters resemble phosphoric acid ; but when neutralized 
by ammonia and mixed with nitrate of oxide of silver it yields a 
sinm-white granular precipitate, pyrophosphate of that oxide, by 
which it is distinguished from phosphoric and metapliosphoric 
acids. In solution with cold water pyrophosphoric acid passes 
gradually, and at a boiling temperature rapidly, into phosphoric 
acid. Its salts, while neutral, are very permanent ; but when 
boiled with either of the stronger acids in water, they are quickly 
converted more or less completely into phosphates. 
■ Pyrophosphoric acid is remarkable for its tendency to unite with 
two equivalents of a base. Its aqueous solution probably contains a 
dipyrophosphate of water, that is, 1 eq. of the acid with 2 eq. of 
'water, expressed by 2H0 + Pj O5, or 2H0. Pg O5. This basic 
Water is readily displaced by 2 eq. of stronger bases, such as soda ; 
ot if 1 eq. only of soda be added, then the soda and water 
together make up the 2 eq. of base, the formula of the salt be- 
ing NaO, HO. P2 O5. The readiest mode of obtaining a pyro- 
phosphate is to heat phosphoric acid with any fixed base in the 
ratio of one to two of their equivalents. This was done by Dr. 
Clarke in the experiments by which he established the existence of 
pyrophosphoric acid. (Brewster's Journal, vii. 298.) Phosphate 
of soda is a compound of 1 eq. phosphoric acid, 2 eq. soda, 1 eq. 
basic water, and 24 eq. water of crystallization, its formula beings 
2NaO, HO. Pg O5 + 24HO : on drying this salt its water of' 
crystallization is expelled, there remains 2NaO, HO. P2 O5, which 
is still a phosphate, but on heating to redness the basic water is' 
elq>6lled, and 2Na. Pg O5, pyrophosphate of soda, remains: By 
being forced to unite with 2 eq. of base, the acid acquires a dis* 
poMtlontoixio so on all occasions. 



SIS PHOtflPtfMUS. 

Its eq. is 71*4 ; symb. X,. P, O5, X'b^n^ uMl as ikboTe. 

Metaphosphoric ^cid.-^Thift acid in obtained by burning phos- 
phorus in drj air or oxygen gas, or heating to redness a' doneen* 
trated solution of phosphoric or pyrophosphorie acidid. ^the 
former method the acid is a white soUd, and anhydrous ;' in the 
latter it is a hydrate, or probably a metaphosphate of Wate^j cottt* 
posed of 1 eq. acid and 1 eq. of water, its formula being HO. 
P, O5. The water in this compound cannot be expelled by fire, 
since on attempting to do so by a violent heat, the wbole is sab- 
limed. In an open crucible it volatilizes at a temperature by no 
means high. 

The peculiarity of this acid is to combine with one equivalent of 
a base. On exposing the anhydrous acid to the air it rapidly deli- 
quesces, and at the same time acquires its basic water, which can 
only be replaced by an equivalent quantity of soda or some other 
alkaline base. The water is also driven off by fusion with siliceous 
or aluminous substances, with which the acid unites and forms very 
fusible compounds. The pure hydrated acid ia of itself very 
fusible, and on cooling concretes into a transparent brittle solid, 
being known under the name of glacial phosphoric acid^ which is 
highly deliquescent, and can hence only be preserved in its glassy 
state in bottles carefully closed. 

The metaphosphoric resembles pyrophosphorie acid in the faci- 
lity with which its aqueous solution passes into phosphoric acid. 
On the contrary, both of the other acids are converted into meta- 
phosphates when heated to redness in contact with no more than 
one equivalent of certain fixed bases, such as potassa and soda. 
This acid when free occasions precipitates in solutions of the salts 
of baryta, and most of the earths and metallic oxides, and forms 
an insoluble compound with albumen. The metaphosphate of ba- 
ryta and oxide of silver both Ml in gelatinous flakes of a grey 
colour. Its eq. is 71 •4; symb. Pg O5, or X. Pj O5. 

SECTION IX. 

BORON. 

Hist, and Prep.— Sir H. Davy discovered the existence of 
Boron in 1807 by exposing boracic acid to the action of a power- 
ful galvanic battery ; but he did not obtain a sufficient supply of 
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it for detenbining its properties. Oay-Jjussac and Thenard * pro- 
eured it in gr^er quantity in 1808 by heating boracic acid with 
potassium. The boracic a^id is by this means deprived of its 
o^yg^, and boron is set free. The easiest and most economical 
miethod of preparing this substance, according to Berzelius, is to 
decompose borofluoride of potassium or sodium by means of potas- 
fldum. (Annals of Philosophy, xxvi. 1S8.) 

Prcpw— It is a dark olive-coloured substance, which has neither 
taste nor smell, and is a non-conductor of electricity. It is insolu- 
ble in water, alcohol, ether, and oils. It does not decompose 
water whether hot or cold. It bears intense heat in close vessels, 
without fusing or undergoing any other change except a slight in- 
crease of density. Its sp. gr. is about twice as great as that of 
water. It may be exposed to the atmosphere at common tempera^ 
tures without change ; but if heated to 600% it suddenly takes fire, 
oxygen gas disappears, and boracic acid is generated. It is very 
difficult to oxidize all the boron by burning, because the boracic 
acid. fuses at the moment of being formed, and by glazing the sur- 
fiice of the unbumed boron protects it from oxidation. It also 
passes into boracic acid when heated with nitric acid, or with any 
substance that yields oxygen with facility. 

According to the experiments of Davy and Berzelius, boron in 
burning unites with 68 per cent of oxygen ; and the latter, from 
the composition of borax, estimates the oxygen in boracic acid at 
68*8 per cent. In this, as in some other cases, where a combusti* 
ble unites with oxygen in one proportion only, it is difficult with 
any certainty to assign the true atomic constitution of the com- 
pound. Boracic acid may be a compound of boron and oxygen in 
the ratio of 1 atom to 1 atom, in that of 1 to 2 as supposed by 
Thomison, or of 1 to 8. When dry boracic acid is heated with 
charcoal in chlorine gas, it is decomposed, and two volumes of 
chloride of boron and three of carbonic oxide gas are produced. 
The latter contains 1^ volumes of oxygen, and the former has been 
proved by Dumas to be composed of 8 volumes of chlorine united 
with 1 volume of the vapour of boro^i, the density of which is esti- 
mated at '751, its eq. vol. being 100. From this it may be 
deduced that the constitution of boracic acid is BOs, which has 
also been recently adopted by Berzelius (Pog. An. xxiv. 661). 
Hence its eq. is 10*9 ; eq. vol. = 100 ; symb. B. 

* Rechercheft Pfaysico-Chimiques, vol. i. 




pound of boron and orfgen. A% H'lMttdl pioduet'^''WflJliM in 
Ae hot springs of Lipari, wnd in 4lM>fl« oP«Mli^% \lkeVViiknii^ 
territory. It is a constitaent df sevend^ fUiertli^kmoij^MI(ltU9Pfi/e 
datolite and boncite may in particnhor he ^^mmiSfMi6m"''^9t%J^ 
much more abundantly under-the finm <if bMbr,'%^iffab?^Toin^iflA 
of boracic acid and soda. It is jwepared loi; gheyyid JUffiPHl by 
adding sulphuric acid to a solution of purifieil borax in aoout four 
times its weight of boiling water^ till the liquid acquires a distinct 
acid reaction. The sulphuric acid unites with the soda ; and the 
boracic acid is deposited, when the solution cools, in a confused 
group of shining scaly crystals. It is then thrown on a filter, 
irashed with cold water to separate the adhering suIphaC?' ^\t>da 
and sulphuric acid, and still further purified by solution in boi 
water and re-crystallization. But even after this treatment ii 
apt to retain a little sulphuric acid ; on this account, when re^uhre^ 
to be absolutely pure, it should be fused in a platinum' crudtR^ 
and once more dissolved in hot water and crystallized. ' ' ' 

Prop, — In the crystallized state it is a hydrate, which contains 
4S*62 per cent of water, being a ratio of 84*9 parts or 1 eq. of 'the 
anhydrous acid to 21 parts or 8 eq. of water. This hydrate dish' 
soWes in ^'7 times its weight of water at 60% and in 3 tJAiesl'fft 
812**. Boiling alcohol dissolves it freely, and the solution, wheiti 
set on fire, bums with a beautiful green flame ; a test which aftbrds 
the surest indication of the presence of boracic acid. Its sp'. gr. 
is 1*479. It has no odour, and its taste is rather bitter than acid.' 
It reddens litmus paper feebly, and effervesces with alkaline <Swr-' 
bonates. Faraday has noticed that it renders turmeric paper 
brown like the alkalies. From the weakness of thie acid properties 
of boracic acid, all the borates, when in solution, are decomposed bjf 
the stronger acids ; and the neutral borates of potash and soda ieire' 
deprived of half their base by carbonic acid, at common temperatures.' 

When hydrous boracic acid is exposed to a gradually increasih^ 
heat in a platinum crucible, its water of crystallization is wholly eir 
pelled, and a fused mass remains which bears a white heat witholit 
being sublimed. On cooling, it forms a hard, colourless, traiifspti^' 
rent glass, which is anhydrous boracic acid. If the water of crjrstal-' 
lization be driven off by the sudden application of a strong hekt., a' 
large quantity of boracic acid is carried away during the rapid' 
escape of watery vapour. The same happens, thbugh in *a leSs 
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degree, when a solution of lioracic aciJ in water Is boiled briskly. 
, lyitrified boracic acid sttould be preBcrved in wcll-stoppcd vessels ; 
I Jj^ if exposed to the air, it absorbs water, and gradually loses its 
I JjnnspM^ncy. Its sp. gravity is 1-803. It is exceedingly fusible, 
I ^d communicates this property to the substances with whieli it 

(taitea. For tliis reason bom is often used as a flux. 

lis eq. is 349 ; symb. B +30, B, or BO^. 



SECTION X. 

I * SILICON. 

^ ffist. — That silicic acid or silica is composed of a combustible 
' vsdy united with oxygen, was demonstrated by Davy ; for on 
firinging the vapour of potassium in contact with pure silicic acid 
I ^eated to whiteness, a silicate of potassa resulted, through which 
8 diffused the inflammable base of silicic acid in the form of blact 
IfBiticIcG like plumbago. To this substance, on the supposition of 
l%s being a metal, the term silicium was applied. But though tliis 
I "^w has been adopted by moat chemists, so little was known with 
t fltttainty concemiug the real nature of the base of silica, that 
1 'iWmson inclined to the opinion of its being a non-metalHc body, 
I fpd accordingly associated it in his system of chemistry with carbon 
. boron under the name of silicon. The recent researches of 
melius appear almost decisive of this question. A substance 
llniuch wants the metallic lustre, and is a non-conductor of clcctti- 
L4lty, cannot be regarded as a metnl. 

/Vep.-^Purc silicon was first procured by Berzclius in the year 

vteS^ by the action of potassium on fliiosilieic acid gas, but it is 

^re conveniently prepared from the double fluoride of silicon and 

lOtassium or sodium, previously dried by a temperature near tluil of 

When this compound is heated in a glass tube with po- 

sahim, the latter unites with fluorine, and silicon is separated. 

I Ithe heat of a spirit-lamp is sufficient for the purpose, and the de- 

l4)(>mpDsition takes place, accompanied with feeble detonation, before 

I Ittie mixture becomes red hot. When the mass is cold, the soluble 

I>nrts are removed by the action of water ; the first portions of which 

■ Mioduce disengagement of hydrogen gas, owing to the presence of 

me silicurct of potassium. The silicon thusprocured is ehemi- 

Y united with a little hydrogen, and at a red heat bums vividly 
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in oxygen gas. In order to render lA tjiiUeiipiMrc, Hr^honUbe fiM 
heated to redness, and then digestted -^n dikitc ;h|fdi-0fliidric hd^ia 
dissolve adherent particles of siliciicaeid. (Ai^ o£!PmiiXxyi.ilI6t) 
Prop. — Silicon obtained in this manner has a idaik^nuldbiNHim 
colour, without the least trace of metallic.litstiQJ x^Iii^^isj&mcnifeDm 
ductor of electricity. It is incombustiUe ia air sad^n^iexsygeB^; 
and may be exposed to the flame of the bk)w^j>e:.i«ithout.t&siiig 
or undergoing any other change. It is neither 'disBoIte^Iiiorf ^cp"- 
dizcd by the sulphuric, nitric, hydrochloric, or hydrofluorio aqids; 
but a mixture of the nitric and hydrofluoric acids dissolves it readily 
even in the cold. # ; , ■ ^ i . , 

It is not changed by ignition with chlorate of potassa. ■ : Inomtre 
it does not deflagrate until the temperature is raised so hi^h that 
the acid is decomposed ; and then the oxidation is effected by the 
affinity of the disengaged alkali for silicic acid coKypesating.wjjthtihe 
attraction of oxygen for silicon. For a similar reason it buins 
vividly when brought into contact with carbonate of potassa t>r^«pdia^ 
and the combustion ensues at a temperature considerably below that 
of redness. It explodes in consequence of a copious evolution ! of 
hydrogen gas, when it is dropped upon the fused hydrate^of potaiisi, 
soda, or baryta. . ^i-iiivii. 

>..Berzelius ascertained, by oxidizing a known weight ;<)!£'' ^ffioom 
that 100 parts of silicic acid are composed of 48'4«;Qf^silt0f»niand 
51*6 of oxygen. Now, if silicic acid, as Thomson suppo&i3i»y:fbe 
composed of single atoms of its elements, then the equivalent of 
silicon will be 7*5 ; but if, as Berzelius believes, the fimaHest mole- 
cule of that acid contain 3 atoms of oxygen united with 1 arfiom; of 
silicium, the equivalent of silicium would be ®8*5. Thei* latter 
view is supported by very strong analogies. It^ equivakiit is 
therefore 22*5 ; symb. Si. .i; (':/.i 

. Silicic Acid, — Hist, and Prep, — This compound, hnown^also 
by the names of silica and siliceous earthy exists tabundontljr in 
nature. It enters into the composition of most of thei.iearthy 
minerals ; and under the name of quartz rock, forms. indepeni^eBt 
[mountainous masses. It is the chief ingredient of sandsleBiesr j^iB^y 
culcedony, rock crystal, and other analogous: substanoes^/T i^ivp&j 
indeed, be procured, of sufficient purity for most purposes, ib]Dignitr 
ipg trani^rei^t specimens of rock crystal, throwing tl^miwl^lDed^ 
hot into water, and then reducing them to powder. /»• i f -il:. 
Mv^ropirr-PUre silicic acid, in this state, is a light white pow^den, 



whicii fccle rough and ilry ivlien nibbeil between ihc fingers ; is botli 
insipid and inodorous; tbc ep. gr. le S-69, It is fiscd in the fire, 
and very infusible ; but fuses before tlie oxv-hydrogcn blowpipe 
with greater facility than lime or msgitesia. It is quite insoluble in 
water; but Berzeliits has shown, that if presented to water while 
in the nascent state, it is diesolvcd in large quantity. On evaporat- 
ing the solution gently, a bulky gelatinous hydrate separates, wliieh 
is partially decomposed by a very moderate temperature, but does 
not part with all its water except at a red heat. 

Silicic acid lias no action on test paper ; but in all its chemical 
relations it manifests the properties of an acid, and displaces car- 
bonic acid by the aid of heat from the alkalies. Its combinations 
with the fixed alkalies are effected by mixing pure sand with car- 
IwnatG of potassa or soda, and heating the mixture to redness. 
During the process, carbonic acid is cipelled, and a silicate of the 
ftlkali is generated. The nature of the product depends upon the 
proportions which are employed. On igniting one part of silieic 
■cid with three of carbonate of potassa, a vitreous mass is formed, 
which is deliquescent, and may be dissolved completely in water. 
This solution, which was formerly called liquor »i(icum, has an 
alkaline reaction, and absorbs carbonic acid on exposure to the 
atmosphere, by which it is partially decomposed. Concentrated 
acids precipitate the silicic acid as a gelatinous hydrate ; but if a 
considerBblc quantity of water is present, and the acid is added 
gradually, the alkali may be perfectly neutralized without any 
ceparation of silicic acid. When a solution of this kind is evapo- 
Mted to dryness, the silicic acid is rendered quite insoluble, and 
may thus be obtained in a pure form. 

-' But if the proportion of silicic acid and alkali be reversed, a 
transparent brittle compound results, which is insoluble in water, is 
attacked by none of the acids excepting the hydrofluoric, and pos- 
iiesses the well-known properties of glass. Every kinS of ordinary 
glass is a silicate, and all its varieties are owing to differences in the 
proportion of the constituents, to the nature of the alkali, oi to the 
. presence of foreign matter's. Thus, green bottle glass is made of 
impure materials, such as river sand, which contains iron, and the 
most common kind of kelp or pearl-ashes. Crown glass for windows 
IB made of a purer alkali, and sand which is free from iron. Plate 
glass, for looking-glasses, is composed of sand and alkali in their 
jmrest state ; and in the formation of flint-glass, besides these pure 
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ingiedicntB, a considerable quantity of litba^e ot red lead is em- 
ployed. A siaalL portion of peroxide of m^ga'ii&s^' is also ^eeA) in 
Older to oxidize carbonaceous niattcrs cohtaSntil in the materials of 
tLe glass ; and nitre is sometimes add.ed witb the same intenticinJ 
Ordinary flint-glass, according toFaradaTi contains S193 per 
cent of silicic acid, SSSB of oxide of le*^ and 13-77 of potassa ; 
proportions whicb correspond to 1 eq; of^taBsa, 1 eq. of oxide of 
lead, and neaily 4 eq. of silicic acid. Flint-glass, accordingly, is a 
double salt, consisting chiefly of bisilicate of potassa and 'bisilicate 
of oxide of lead, ... ■ 

Its eq. ifl 46-6 ; symb. Si + 80, Si, or SO,. (. la 
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SELENIUM. ■■ ■■'■' >'■'' 

Hist, and Prep. — This substance was discovered iu ISiS'ljy 
Berzeliua, who called it selenium, from 2e>Jjwr, the Moon, sugi^ted 
by its having at flrst been mistaken for the metal tellurium.' X^^' 
de Ch. et Ph. ix. 160, and An. of Phil. xiii. 401.) It has IjitlieWi 
been obtained in very small quantity, and occors for the mo^t i'sit 
io combination with some varieties of iron pyrites. StromeySf'hki 
also detected it, as a sulphuret of selenium, emang the -Vblckiik 
products of the Lipari islee. It is found likewise at ClaustJitil \ii 
the Hartz, combined, according to Stromeyer and RoSe,''^^ 
several metals, such as lead, cobalt, silver, mercury, an^ dopb^. 
BeneliiiH found it in the sulphur obtained by sublimation (rotii the 
iron pyrites of FaUluu. In a manufactory of sulphuric acid i 'it 
which this sulphur was employed, it was observed that a. reddl^- 
coloured matter always collected at the bottom of the leaden i!li^- 
ber ; and on burning this substance, Berzelius perceived in stning 
and peculiar odour, similar to that of decayed horse-mdish, wMch 
induced him to submit it to a careful examination, and thus l6d fo 
the discovery of selenium. "For the extraction of sdenium' from 
the native sulphuret, Magnus proposes to mix it with eight illftt^ 
its weight of peroxide of manganese, and to expose the mixture to 
a low red heat in a glass retort, the beak of which dips iatoiaivater. 
The sulphur, oxidized at the expense of the manganese', fiscia^es in 
the form of sulphurous acid ; while the selenium either ^ub^itb'^ as 
such or in the state of selenious acid. Should any of tlKe l&ttU'be 
carried over into the water, it would there be rfiducbdli^ ^Vdlll- 
phurous acid. ~ ' '' ■ ■ '■'>'''■••> >:i '' dmi" 




^Prop. — Seleniuii), ai common tcmpcratures,'is a'Kriftle o'jraqtie' 
flolid body, without taste or odour. It has a metallic lustre and 
tlie aspect of lead, wlieu in niaas ; but it is of a deep red colour 
ylien redwced to powder. Its sp. gr. is between 4-3 and 4-32. At 
212" it softens, and ia then so tenacious that it may be drawn out 
jnto fine threads which arc transparent, and appear red by trans- 
'piitted light. It becomes quite fluid at a temperature somewhat 
^^ove tliat of boiling water. It boils at about 650", forming a 
vapour which lias a deep yellow colour, but is free from odour. It 
may be sublimed in close vessels without change, and condenses 
again into dark globules of a metallic lustre, or as a cinnabar red 
powder, according as the space in which it collects is small or large. 
Berzelius at first regarded it as a metal ; but, since it is an imper- 
fect conductor of heat and electricity, it more properly belongs to 
(te class of the simple non-metallic bodies. 

j Selenium is insoluble in water. It suffers no change from mere 
exposure to the atmosphere ; but if heated in the open air, it com- 
^nee readily with oxygen, and two compounds, oxide of selenium 
■ppd selenious acid, are generated. If exposed to the oxidizing part 
^the blow-pipe flame, it tinges the flame with a light blue colour, 
^d exhales so strong an odour of decayed horse-radish, that l-50tb 

ji^ a grain is said to be sufficient to scent the air of a large apart- 
ment. By this character the presence of selenium, whether alone or 
ip combination, may always be detected. 

,Ji, Berzelius has shown that selenic acid is composed of 24 parts of 
lOiygen and 39-6 of selenium. This substance, also, has three grades 
fj£_ oxidation, the oxygen in the two last of which is in the ratio of 

^ and 3 ; and the highest grade, selenic acid, has in all its chemi- 

.^1 relations a singidarly close analogy to sulphuric acid. From 

l^cec fects it is inferred that selenic acid is composed of 1 atom of 

Jplenium and 3 atoms of oxygen. Its eq. is 39-6 ; symb. So. 

^, The compounds of selenium described in thia section are the fol- 

■^wing :— 

„1 Selenium. Oiygen. Enuiv. FonnuIiB. 

Oiide of Selcniuin (ptobably) 39-6 or 1 eq. -(- 8 or 1 e<i.= 47-6 8e+0. 

' Sclanious Acid . . 3i>'6 + 16 or 3 eq. = 55-6 8e+20. 

n, Selenic Acid . , . 39'6 + 34 or 3 eq. = 63.6 Sa-|-30. , 

ei; Oxide of Selenium, — This compound is formed in greatest 
i#bundancc by heating selenium in a limited quantity of atmo- 
jqtheri£ air, and by washing the product to separate selenious acid, 
■which is generated at the same time. It is a colourless gas, which 
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is very sparingly soluble in water, and does not possess any acid 
properties. It is the cause of the peculiar odour n^hich is emitted 
during the oxidation of selenium. 

Selenious Acid. — This acid is most conveniently* prepared by 
digesting selenium in nitric or nitro-hydrochloric acid till it is com* 
pletcly dissolved. On evaporating the solution to dryness^ a i^Kie 
residue is left, which is selenious acid. By inere&Be of ^mp^Miit^, 
the acid itself sublimes, and condenses again utiehanged itio ]<nig 
Ibur-sided needles. It attracts moisture from the air, whereby it 
suffers imperfect liquefactiob. It dissolves in alcohol and water. 
It has distinct acid properties, and its salts are called sekniies, 

Selenious add is readily decomposed by all substances which 
have a strong affinity for oxygen, such as sulphurous and phos- 
phorous adds. When sulphurous acid, Or an alkaline sulphite, is 
added to a solution of selenious acid, a red-coloured powder> pute 
selenium, is thrown down, and the sulphurous is converted into 
sulphuric acid. Hydrosulphuric acid also decomposes it ; and an 
ohmgc-yellow precipitate subsides, which is a sulphiiret of selenium. 

Selentc Acid.'^^Htst. — The preceding compound, discovered by 
Bcrzelius, was till lately the only known acid of selenium, and has 
been described in elementary works under the nanie of selenic acid ; 
but the recent discovery of another acid of selenium containing 
more oxygen than the other, has rendered neceiteary a change of 
nomenclature. The existence of selenic acid was first noticed by 
M. Nitzsch, assistant of Mitscherlich, and its properties have been 
examined and described by the Professor himself. (Edin. Journal 
of Science, viii. 294.) 

Prep, — This acid is prepared by fusing nitrate of potassa or soda 
with selenium, a metallic seleniuret, or with selenious acid or any 
of its salts. Seleniuret of lead, as the most common ore of sele- 
nium, will generally be employed ; but it is very difficult to obtain 
pure selenic add by its means, because it is commonly associated 
with metallic sulphurets. The ore is first treated with hydro- 
chloric aeid to remove any carbonate that may be present ; and the 
insoluble part, which is about a third of the mass, is mixed with its 
own weight of nitrate of soda, and thrown by successive portions 
into a red-hot crucible. The lead is thus oxidized, and the sele- 
nium converted into selenic acid, which unites with soda. The 
fused mass is then acted on by hot water, which dissolves only 
seleniate of soda, together with nitrate and nitrite of soda ; while 




the iusolablc inaLltt, wlian .wdl waslicj, is quite free from selc- 
uiuiiir . Tliosolutioa is next Jiiado to boil brisiilj', wUen anliyclroua 
seleniate of aoda is depoaiteil ; while, on cooling, nitrate of soda 
cfystaUJzfS. On renewing the ebullition and Bubsequent cooling, 
fresli..partiona.of Heleniate and nitrate arc procured ; and these euc- 
cessivt! operations are repeated, until tlie former salt is entirely 
st^ionUcil. Thja process is founded on the fact, that aelcniatc of 
sodtt) like the sulpltate of tlie same base, is more soluble in water 
of about 90° than at higher or lower temperatures. The nitrite of 
sodaj formed during the fusion, is pnrpoaely reconverted into 
nitrate by digestion with nitric acid. 

,1 The seleniate of soda thus procured always contains a little 
Bidphuric acid, derived from the metallic Bulphurets of the ore ; 
aad it is not possible to separate this acid by crystallization. All 
attempts to separate it by means of baryta were likewise frdt- 
Ibbs ; and the only method of effecting this object is by reducing 
i^e Bclcnic acid into selenium. This is done by heating a mixture 
ef seleniate of soda with hydrochlorate of ammonia, when the 
apdium unites with chlorine, all the hydrogen with oxygen, and 
a^^um and nitrogen are set free. This change will be mor^ 
teadily followed when stated in symbols ; — thus 

, N«+0,Se+30,N+3H. andH+Cl, yield N, Sa, 4(H+0), and Na+Cl. 
The selenium which eublimes is quite free from sulphur. It is 
tlcn converted by nitric acid into selenious acid, which should be 
Deutrolized with soda, and fused with nitre or nitrate of soda, 
The p\ce seleniate of soda, separated from the nitrate according to 
the foregoing process, is subsequently dissolved in water, and 
obtained in crystals by spontaneous evaporation. 

■ To procure the aeid in a free state, seleniate of soda is decom- 
posed by nitrate of oxide of lead. The seleniate of that oxide, 
iriiich is oa insoluble as the sulphate, after being well washed, is 
exposed to a current of hydrosulphuric acid gas, which precipitates 
all the lead as a sulphuret, but does not decompose the selenic 
add. The excess of the gas is driven off by heat, and pure selenic 
acid remains diluted with water.' The absence of fixed substances 
may be proved by its being volatilized by heat without residue ; 
sad if free from sulphuric acid, it gives no precipitate with chloride 
of barium after being boiled with hydrochloric acid. Any nitric 
acid which may be present is expelled by concentrating the solu- 
tion by means of heal. ,,,... „,, . ,,j|. ...,.■ 




3^ SBhE«IUH- 

Prop.^li is n colourlees liquul, which fn»y bchieHtediUnd^") 
vitlioul appreciable tlcuompoeitiiin ; but abare that;pf>in^ ilecpni| 
position coiBiuences, and it becomes rapid al 554i% giving.iisc L» 
discogageflieaL of tajgoa and eelenione acid. W^€» concenlTatetJ 
by tt tempetature of 329^ iu ep. gr. is 2-524 ; at 512" it is S-'GO, 
and at Sio" it is i-625t but a little seleniouB acid is then present. 
When procured bj the process above deacribed, Eel«iuc acid ^Wayl 
contains natei, but it ia very difBcuIt to aecertain its precise pcq- 
portion. Some acid, which had been heated higher tiiaa ^SS", 
contained, subtracting the quantity oFsclenious acid present, IS'lfi 
per cent of water, wliich approximates to the ratio of one eqniwjtnt 
of water and one of tlie acid. It is certain that selenio aoid is dci 
composed by heat before parting with all the water which it eont^^e^ 

Selenic acid has a powerful affinity for water, and emits os mv^ 
licat in uniting with it as sulphuric acid docs. Like this acid it Is 
not decomposed by hydrosulphuric acid, and hcnee this gas may.b« 
employed fur decomposing scleniatc of the oxides of lead or ct^par, 
With hyUrodiloric acid the change is peculiar; for on boilingithc 
JDKt^turc mutual decomposition ensues, water and sclenloufi acid atf 
fonncd, and chlorine is set free ; so that the solution, like a^va 
regia, is capable of dissolving gold and platinum. Selenic acj4 
dissolves zinc and iron with disengagement of hydrogen gas, aii4 
fppper with formation of sclcnious acid. It dissolves gold also, 
^ut not platinum. Sulphurous acid has no action on selenio acidt 
i^cccas selenlous acid is easily reduced by it. Conse(}uentIy, when 
it is wished to precipitate selenium from selenic acid, it must-.ltf 
boiled with hydrochloric acid before sulphurous acid is added. ■ ■ , « 

Mitschcrlich lias observed, that selenic and sulphuric acidg.fA^ 
not only analogous in composition and in many of their proportie^ 
but that the similarity runs through their compounds with alkajine 
substances, their salts resembling each other in chemical pcop^ef) 



constitution, and form. 



SECTION XII. 
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Hist. — The discovery of chlorine was made in theyeM-lTT^ 
by Scheele, while investigating the nature of manganese, and he 
described it under the name of dephlogislicated marine atid,., Tht 
French chemists called it, oxygenized muriatic acid, a terra which 




vii^ ift^Hnrnts^CQ^tttUfle^^to oxy^mitrialit aiid, from an o|iinkiii 
]fiUpMM;4'tr^lBertti<dle( Ihfht it is a compoiilMl of mnrtatic acid and 
ftjyigt¥»-;'' ■Inil80§''<Jitfy-iIJiws»caiid Tiienard pnblUhod an abstract 

bf BftBe''e!*perin(«lta ujwn this Bubetance, whioh aubsequently ap^ 
^cawdat Icnffth; ill tliclr Rccherclics PhyBico-Chimiquea, wherein 
they Btatcd riiat oxy-mnriatic acid miglit be regarded as a simple 
fcody, Ihough tbey gave the prefercDce to tlie doctrine advanced by 
©(Sthollet, Davy eng^ed in the inquiry about the Bamc time; 
and af(«r having exposed oxy-muriatic acid to the moat powerful 
decomposing agenta which chemists possess, witliout being able to 
ifibef/ita decomposition, he communicated to the Royal Society aa 
essay, in which he denied its compound nature ; and he maintained 
that, acoording to the true logic of chemistry, it is entitled to rank 
"jfitli simple bodies. This view, which is commonly tcnned the 
Heie theory of chlorine, though strongly objected to at the time It 
TTtis first proposed, is now universally received by chemists. Tlib 
gWHinds of preference will heieaftcr be briefly stated. i ' ' ' 

' Prep. — Chlorine gas is obtained by the action of hydrocMdlric 
HCidon peroxide of manganese. The most convenient methoJ'tf 
^eparing it is by mixing concentrated hydrochloric acid, contained 
ia a glass flask, with half its weight of finely powdered peroxide of 
bumganesc. Effervescence, owing to the escape of chlorine, tafc^ 
place even in the cold ; but the gaa is evolved much more fretly 
by the application of a moderate heat. It should be collected 
in ' inverted glass bottles filled with warm water ; and when tht; 
irtter is wholly displaced by the gas, the bottles should be closed 
with a well-ground glass stopper. As some hydrochloric acid gafe 
fe&mmonly passes over with it, the chlorine should not be consider- 
ed quite pure, till after being transmitted through water. " ■'"' 
' The theory of this process will be readily understood'by firti 
viewing the elements which act on each other, namely,— '•■"'-•'•^ 



P««iii.ofMang, 43-7 or I eq. Ud+20 HjdrtKilil. acid 72-B4 or 2oq.3(H+ClJ ; 

and then inspecting the products derived from them, namely, 

Maaganeae . . 27-7 Hydrogen 2 f.|.i„..- ^e.jo, i »_ 

4 ,- Chloripe ■ . 35-42 O.yge" '6 '^'''"'"^ 35-^«l >f^yy^ 

._^^ ChloriUe of Maog. 63-12 WaKr 18., ,,-,,, ;,i.,i.„ ,-jW.,\jfi yd 



Ih symbols. 




Ma+ao, iqJ a(H+cl). jkU Mb+CJ, a(H4«3)i **a'*Jll"' ''5"*'''' 
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The affinities which deteimmot^^eckingels ioBe the iB]iJtinil~4ttiac« 
tion of oxygen and hydrogen, said of chfanrkie aUd mangantee. p 

When it is an object to ptepaie dilomeiiafc fkhoipheapestixatfyas 
for the purposes of moau£Actarey the precedng prdcQBS«is >BKKliied< 
in the following manner. Thxee parts of sea^ialt aner tintimaielf. 
mixed with one of peroxide of manganese^ and to>tihiSiimiaiiu^itwai 
parts of sulphuric acid> diluted widv an eqnaL^weight/ofv^ntlter^ti^ 
added. By the action of sulphuric acid oa seaHodt^ hydvocUoiiei 
acid is disengaged, whidi reacts as in' the fonner Maae upoBMidHil. 
peroxide of manganese ; so that, instead of adding; huydrechfanid > 
add directly to the manganese, the materials for fiinQkig> it^iaie. 
employed. In this process, however, the sulphates; of soda rand 
protoxide of manganese are generated, instead of chloride of man* 
ganese. Thus the materials which act on each odier are MnOj, 
NaCl, and ^SO, ; and the products MnO. SOj, NaO. SOj, and GL 

Prop.— Chlorine (from y^gog^ green) is a yellowish-green 
coloured gas, which has an astringent taste, and a disagreeable 
odour. It is one of the most suffocating of the gases, exciting 
spasm and great irritation of the glottis, even when consideraUy 
diluted with air. When strongly and suddenly compressed, it 
emits both heat and light, the latter being solely due, as in. the 
case of air and oxygen, to the chlorine actii^ chemically on the-^ril 
with which the compressing apparatus is lubricated (An. de Ok. et 
Ph. xliv. 181). According to Davy 100 cubic inches of dry chlo- 
rine, at 80 B. and 60 F. weigh between 76 and 77 grains. Gay- 
Lussac and Thenard found the density of pure and dry chlorine to 
be 2*47, which gives 76*699 grains as the weight of 100 cubic 
inches at 60^ P. and 80** B. Under the pressure of about four 
atmospheres it is a limpid liquid of a bright yellow colour, which 
does not freeze at the temperature of zero, and which assumes the 
gaseous form with the appearance of ebullition when the pressure 
is removed. Kemp finds that this liquid is a non-conductor of 
electricity. 

Cold recently boiled water, at the common pressure, absorbs 
twice its volume of chlorine, and yields it again when heated. The 
solution, which is made by transmitting a current of chlorme gas 
through cold water, has the colour, taste, and most of the other 
properties of the gas itself. When moist chlorine gas is exposed 
to a cold of 32'', yellow crystals are formed, which consist of water 
and chloriiic in definite proportions. They are composed, accord- 



* 



CHLORINE. 331 

ing to Faratlay, of 35'43 paria or 1 eq. of chlorine, ami &0 parts or 
10 eq. of water. It experiences no chemical change from tlic 
action of the imponderables. Thus it is not affected chemically 
by intense heat, by strong shocka of electricity, or by a powerful 
galvanic battery. Davy exposed it also to the action of charcoal 
heated to whitencas by galvanic electricity, without separating 
oxygen from it, or in any way affecting its nature. Light does 
not act on dry cldorinc ; but if water be present, the chlorine 
decomposes that liquid, unites with the hydrogen to form hydro- 
chloric acid, and oxygen gas is set at liberty. This change takes 
place quickly in sunshine, more slowly in diffused daylight, and 
not at all when light is wholly excluded. Hence the necessity of 
keeping moist chlorine gas, or its solution, in a dark place. 

Chlorine unites with some substances with evolution of heat and 
light, and is hence termed a supporter of combustion. On plunging 
a lighted taper into chlorine gas, it bums for a short time with a 
small red- flame, and emits a large quantity of smoke. Phosphorus 
takes file in it spontaneously, and bums with a pale white light. 
Several of the metals, such as tin, copper, arsenic, antimony, and 
zinc, when introduced into chlorine in the state of powder or in 
fine leaves, arc suddenly inflamed. In all these cases the combus- 
tible substances unite with chlorine. 

Chlorine has a very powerful attraction for hydrogen ; and many 
«f the chemical phenomena, to which it gives rise, are owing to this 
|»operty. A striking example is its power of decomposing water 
by the action of light, or at a red heat ; the same effect is produced 
on most compound substances, of which hydrogen is an clement. 
For the same reason, when chlorine, water, and some other body 
which has a strong affinity for oxygen, are presented to one another, 
water is usually resolved into its elements, its hydrogen attaching 
itself to the chlorine, and its oxygen to the other body. Thus 
chlorine is, indirectly, one of the most powerful osidiidng agents 
which we possess. 

When any compound of cldorine and an inflammable is exposed 
to the influence of galvanism, the inflammable body goes over to the 
— , and chlorine to the -j. pole of the battery. This establishes a 
close analogy between oxygen and chlorine, both of them being 
supporters of combustion, and both negative electrics. 

Though formerly called an acid, it possesses no acid properties. 
Jt has not a sour taste, does not redden the blue colour of plants, 
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Its stroBg affinity fof tJie to^lils^U^a#aWt Hio^fe^^'^^^^^ 

an acid; for chemists are not it/<P^t^ ^<»IK^^^ 

acid combining directly In defeiti'Vr^oM^^ 

action on the ptDre alkalis leadd'td^ ^mipnc^^'i&dW 

be considered whUe speaking of 'ttieoiif^ WW^^^^T^^TfL 

One of the most 
power. All animal 
chlorine; and 

restored. Davy proved that chlorine canh'ot^ lil'dic^tt'&iflSl^^M 
is present. Thus dry litmus paper suffers no change in dry^fllfS? 
rine ; but when water is admitted, the colorft S]^€^d!ly^ciyaj)p^. 
It is well known also that hydrocUoric acid is'<dlwayr.^9Qn<MEed 
when chlorine bleaches. From these £su;ts it is inferred- th«t»iiteUr 
is decomposed during the process ; that its hydrogen unites with 
chlorine, and that decomposition of the colouring matt^riisi ocean 
sioned by the oxygen which is liberated. The bleacluog.propei^y 
of binoxide of hydrogen and of chromic and permanganic, lu^id^ ?o^ 
which oxygen is certainly the decolorizing principle, leav^ little 
doubt of the accuracy of the foregoing explanation. 

Chlorine is useful, likewise, for the purposes of jtaiougjft 
The experience of Guyton-Morveau is sufficient etidene©/ Jof its 
power in destroying the volatile principles given; off by :pjd]li^^ 
fying animal matter; it probably acts in a similar vwtty mr '<toiiM 
tagious cffiuvia. A peculiar compound, formed by ^tliQ actlq9.,,9lt 
chlorine on soda, has been lately introduced for this purj^S^liy: 
Labarraque. ' # / • ij 

; Chlorine is in general easily recognised by its coUurfind'^idlddfli? 
Cl^mically it may be detected by its bleaching ,proiperty^iiiidde£lo»e 
the circumstance that a solution of nitrate of oxide of ,.silyi|^^^^ 
siohfiC in it a dense white precipitate (a compound of chlofria^oififcd 
metallic silver), which becomes dark on exposure to ilighi,jy3[''|^i^ 
lu^lj^ in acids, and dissolves completely in pure^ ammoni&t^^o'QPli^ 
whple of the chlorine, however, is not thrown down ; Jofc thcf jWRjgSI' 
of the oxide of silver unites with a portion of chlorin^ and ciHH^fkiis 
it ii^to cUoriq apid. ^ a \i. 

. j^hqse qompounds ,of chlorine, which are not acid^ are ^eme^ 

qhloridfsoTfhlorurets. The former expression, from the an^qgf 

l^et^ep^phlqrine^ and .oxygen, is perhaps the moie ^ppjcf^xi^^^ /^^ 

Berzelius inferred the equivalent of chlorine from the oxygen lost 
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by chlorate of potassa when det'om posed by heat,, aad tlie quantity 
of chlorine found in the, residual cLloride of potassium, I inves- 
l^gatod the same Bubject by CKaniiuing into the composition of the 
ijitrate of the oxide and cbloride of silver, of the protoxide and 
chloride of lead, and of the peroxide and chlorides of mercury. 
These researches coneur in showing 36, the cq. of chlorine coni- 
Iji^only adopted in tliis country, to be erroneous. The number 
ipfrrrcd from the sp. gr. of chlorine and hydrogen gases is 3a'S4 
(pafjc 131) ; but, unfortunately, the densities of these gases are 
not known with the precision required for an application of tlii^ 
nature. ^j.- 

Its eq. is 35-42 ; eq. vol. = 100 ; symb. CI. \,-^ 

' The oamposition of the compounds described in this section il 

as follows:^ '■ i 'i'" 

CllloriDO. 

H^recJilork Acid 35-43 I «).+ Hyilrogen 
H^pocblnrniu Acid 35-43 + Oxygen 

6liloroiis Acid 35-43 + Ditto 

Cfalaric Acid 35-43 + Ditto 

35-42 + Ditto 

141-68 4 eq.+ Nilrogcn 



Equh; 
lcq.= 36-43 



I Perriiloric Acid 
I Qundmehldnde 
1 ;. of NitragBn 

I , LnrboD . . S 

I V Catbon . . ) 

[ DichlorideofSul- } g^.^j 



16 2 eq. = 51-43 

40 5eq,=: 75-43 

56 7eti.= 91-43 

14-15 Ie(i.= 155-83 

613 1 eq. = *l-6* 



1 cq,+ Ditto 
3 cq.+ Cstbon 
1 «!■+ Sulphur 
l^lr"?'^"'"! 70 2eq.+ Dino 
[•^Sh-r' ?"«■'« 3«I.+ Pl'o.pho. 

p^d^"".! 35-12 l*q.4-C.rb.e.. 
*^n^. °[\^<^^ 3eq.+ Boro,. 
iSwS''' "^il^'^S 3 eq.+ Silica- 



Cl+i70 

12^2£q.= 47-66'' '■'4C-)4eiX^ 

•J. .■'IJJ 

s-f-ati 
ap+Jcr 

CO+Qk 

te+bfei' 

8i+3'Ci 



13-24 2 eq, = 
32-2 3eq.= 



le<i.= 



31-4 leq. = 137-66 
31-4 leq. =206*4 
14'12 leq.= 49-54 
10'9 I eq.:= 117-16 
23-5 laq.= 128-76 



Hydrocktoric Acid. — Hist, and Prep. — A concentrated aqiicoufe 
I nlution of this acid has been long linown under the names of spirit 
Itf salt, and of marine or muriatic a.cid ; but in itB puicr form of 
iB discovered in 1T72 by Priestley. - It may be conveniently 
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prepared by patting an oimce of ettong Hy*ofehldfrfe^«ci*fWlutwn 
into a glasd flask, and heating it by means ofa liatti^ till (fi^ li^tid 
boils, when the gas is fiteely e^?olv«d, imd nmy^b^ 'Cdll%d»di^i»vet 
mercury. Another method of prepoci^ it is b;^ tii^ &^\ieiif oPiitfiiv 
oentrated snlphnric acid on an eqnal' ire^i' of sdar4fi3^^''&i8k 
eflfervescenoe ensues at the moment of making the miji^t^,^iinS'M 
the application of heat a iarge quantity of hydrobhIbil^''^i9^^Ei9% 
disengaged. In the former process, hydrodilcvic iceid |i4:^dVMa9y 
dissolved in water is simply expelled from the cfolUtidh %y1ieiA'. 
The explanation of the latter process is more eomplicatedv-' Sea-^ 
'salt was formerly supposed to be a compound of hydi'^jichhmc^idd 
and soda ; and, on this supposition, the soda was beKerred kl&lilfdy 
to quit the hydrochloric and unite with sulphuric acid. But the 
researches of Gay-Lussac, Thenard, and Davy, proved ^that it C<m- 
sists of chlorine and sodium combined in the ratio of their Ikjtdva- 
lents. The nature of its action with sulphuric acid will be^ under- 
stood by comparing the elements concerned in the chaae^ Matt 
and after it has occurred : — 



Hydrous Sulp. Acid. Chloride of Soctimn. 
Real Acid 40-1 Chlorine 35-42 



Sulp. of Soda. Hydrochloric^ Ajcki. 
"a 



Acid 40*1 Chlorina 3^43 

Water | g^^; J| Sodiom 23-3 Sod* | ^/y'^^*^} Hydm^'.l 

or in symbols, 

(S-f30)-|-(H4-0), and Na+Cl, yield (Na+0)-|-(S-f 30), and H-fCl. 

Thus it appears that single equivalents of water, sulphuric acid^ 
and chloride of sodium, yield sulphate of soda and hydrooMovic 
acid. The water of the sulphuric acid is essential ; so much so, 
indeed, that chloride of sodium is not decomposed at all by anhy- 
drous sulphuric add. 

Hydrochloric acid may be generated by the direct tmion of its 
elements. When equal measures of chlorine and hydrogoi are 
mixed together, and an electric spark is passed through the mixture, 
instantaneous combination takes place, heat and light are emitted, 
and hydrochloric acid is generated. A similar effect is piodncdd 
by flame, by a red-hot body, and by spongy platinum. Light 
also causes them to unite. A mixture of the two gases may be 
preserved without change in a dark place ; but if exposed to the 
difinsed light of day, gradual combination ensues, which is. com- 
pleted in the course of 24 hours. ' The direct solar rays produce, 
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like fltinic and electricity, autUlen iiiflamiliation of the whole mix- 
ture, accoropaJiied with explosion ; and, according to Brandc, the 
vivid light emitted by charcoal intensely heated by galvanic elec- 
Lfieity acts. in a similar manner. 

This acid ia most commonly used in the form of a concentrated 
aqiicous Boluiion, which is made by transmitting a current of iho 
gas into water as long os any of it is absorbed. All the Pbarmaco- 
pceias give directions for conducting the process. Thut adopted by 
the Edinburgh College is practically good. Tlic proportions tliey 
recommend arc equal weights of sea-salt, water, and sulphuric acid, 
more acid being puT])osely employed than is sufficient to form n 
neutral sulphate with the soda, so that the more perfect decompo- 
sition of the Bca-salt may be insured. The acid, to prevent too 
violent effijTvescence at first, is mixed with one-third of the water; 
asd when the mixture has cooled, it is poured upon the salt previ- 
ously introduced into a glass retort. The distillation is continued 
tjO , drjTiesB ; and the gas, as it escapes, is conducted into the re- 
mainder of the water. The theory of the process has been already 
explained. The residue is a mixture of sulphate and bisulphate of 
6oda. The sp. gr, of the acid solution obtained by tliis process 
is M70. 

Prop. — It is a colourless gas, has a pungent odour and an acid 
taste. Under a pressure of 40 atmospheres, and at the tempera- 
ture of 50", it is liquid. Sp. gr. 1-2695, It is quite irrespirable, 
exciting violent spasm of the glottis ; but when diluted with nil', 
it is far leas irritating than chlorine. All burning bodies are ex- 
tinguished by it, nor is the gas itself inflammable. 

It is not chemically changed by mere heat. It is readily de- 
composed by galvanism, hydrogen appearing at the — , and 
chlorine at the -|- pole. It is also decomposed by ordinary elec- 
tricity. The decomposition, however, is incomplete ; for though 
, one electric spark resolves a portion of the gas into its elements, tlic 
[ jtBtt shock in a great measure effects their reunion. It is not 
I (ffoolod by oxygen under common circumstances ; but if a mixture 
I 6E oxygen and hydrochloric acid gases ia electrified, the oxygen 
BttitcE with the hyilrogeu of the aeid to foiro water, and chlorine is 
I Btit flit liberty. For this and the preceding fact we are indebted to 
I tbe researches of Henry. 

■ 11, One. of the most striking properties of hydrochlraic acid gas is 
i ite powprfiil attraction for water. A dense white cloud appears 
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whenever it escapes into the air, owing to it* combining witli ihc 
aqueous vapour of the atmosphere, A piecu of ice put intoaJ4( 
full of the goa eonfined over mercury liquefies on the instant, ni 
the whole of the gas disappears in the course of a few eeoonda. 0^ 
opening a long wide jar of hydrochloric acid gas under water, tb^' 
absorption of the gas takes place so instantaneously, that the WAter 
is forced up into the jar with the same violence as into a, vacuiu^ 
CoDsidcrable increase of temperature takes place during the absorp*^ 
tion, and therefore the apparatus should be kept cool by ice. Ti&rf 
slates (Elements, p. 25S) that water at the tempemtiue of 4i(i% 
absorbs 480 times its volume of the gas, and that the solution h 
a sp. gr. of 1-S109. Thomson finds that one cubic inch ofwalcQ. 
at 69" absorbs US cubic inches of gas, and occupies the space Of^ 
1 'SI cubic inch. The solution has a sp. gr. of 1'1958, and oWL 
cubic inch of it contains SH'Oi cubic inches of hydrochloric acid^ 
gas. The quantity of real acid contained in solutions of differeobi 
densities may be determined by ascertaining the quantity of piu^ 
marble dissolved by a given weight of each. Every 506 grains o^ 
marble correspond to S6'42 of real acid. The following table IroQ^ 
Thomson's " Principles of Chemistry,''' is constructed according UH 
this rule. The first and second columns show the atomic conatbi)! 
tution of each acid. 



'U tihihii 



g ihe Specific Graiiilg of Muriatic Acid of determinate Strtngtlii. 



40-659 

37'000 
33-945 

31-346 
29-134 
27-206 
25-517 
24-026 



22-700 
21-512 

20-442 
19-474 

18-590 
17-790 
17-061 



t-iooa 

I ■096$ I 



Hydrochloric acid of commerce has a yellow colour, and is olnay^ 
impure. Its usual impurities are nitric acid, sulphuric acid, juid' 
oxide of iron. The presence of nitric acid may be inferred if 
hydrochloric acid lias the property of dissolving gold leaf. 1jo« 
may be detected by ferrocyanuret of potassium, and sulphuric acidu 
by chloride of barium, the suspected hydrochloric acid being pre-y 
viously diluted with three or four parts of water. The presence c^ 
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13 provi<le(I aj^nst, by igniting Llio sea-aaU, as recom- 
:teended by the Eiiinburgh College, in order to decompose any nitre 

[4Aich it may contain. Tlie other impurities may be avoided by 
iloying Woulfe's Apparatiis. A few dracUms of water are put 
fttto the first bottle to retain the chloride of iron and sulphuric aeld 
Wiicli pass over, and the hydrochloric acid gas is condensed in the 
IGeoiid. 

-'^ A strong solution of pure hydrochloric acid is a colonrleaa liquid, 
lich emits wliite vapours when exposed to the air, is intensely 
s6u.T, reddens litmus paper strongly, and neutralizes alkalies. It 
combines with water in every proportion, and cauHcs increase of 
temperature when mixed with it, though in a much less degree than 
Bolphuitc acid. It freezes at — 60"F.; and boils at 110^ or a. 

'#ltJe higher, giving off pure hydrochloric acid gas in large quantity. 
■ Hydrochlorie acid is decomposed by substances which yield oxy- 
gen readily. Tims several peroxides, such as those of manganese, 
cobalt, and lead, effect its decomposition. Chloric, iodic, bromic, 
nitric, and aelenic acids act on the same principle. A mixture of 
Bttric and hydrochloric acids, in the ratio of one measure of the 
ler to two of the latter, has long been known under the name 
Aqua regia, as a solvent for gold and platinum. When these 
acids are mixed together, the solution instantly becomes yellow ; 
and on heating the mixture, pure chlorine is evolved, and the 
colour of the solution deepens. On continuing the heat, chlorine 
and nitrous acid vapours arc disengaged. At length the evolution 
of chlorine ceases, and the residual liquid is fmmd to be a solution 
of hydrochloric and nitrous acids, which is incapable of dissolving 
gold. The explanation of these facts is, that nitric and hydro- 
chloric acids decompose one anotlier, giving rise to the production 
of water and nitrous acid, and the separation of chlorine ; while 
hydrochloric and nitrous acids may be heated together without 
mutual decomposition. It is hence inferred that the power of nitro- 
hydrochloric acid in dissolving gold is owing to the chlorine which 
if liberated. (Davy in the Quarterly Journal, vol. i.) 

Hydrochloric acid is distinguished by its odour, volatility, and 
mg acid properties. "With nitrate of oxide of sdver it yields 
tie same precipitate as chlorine ; but no chloric acid is generated, 
because the oxygen of the oxide of silver unites with the hydrogen 
of the hydrochloric acid, and the chlorine in consequence is entirely 
precipitated. Notwitli standing that nitrate of oxide of silver yields 
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the same prec ipitatfe le ith ehtorhye andf^hy^ochkiriCf add, 'thlfrd is bo 
difficulty in distinguishing b€ftwiferi»the!n^for^<(li^ Meafebittgi'pFiy- 
perty of the former is a sure ground of distintftiori;'^ '^- -^ ' • ' ' 
The composition of hydrochloric A6id hds-bee» deteViflMA by 
Dayy, and Gay-Lussac and Thenard. Thtiir <^ip*riti*Mfittfir ciirftiittrin 
proTing that chlorine and hydrogen uirit© in eqikl t^^tsi/ fiyi 
that the hydrochloric acid, which is the sole and <;i)nstalit{>wdtfd, 
occupies the same space as the gases fjfom which it i^ftntm&ii ' Ptom 
these fiwjts the composition of hydrochteric acid fe- i^asftjr' itifei*e«l. 
For, as •.•■■.•.■::•• 

■ * Gramsl :• .):■ • 
50 cubic inches of Chloride weigh .... 38*299 
60 „ „ of Hydrogen . . . . l-0^>9 

lOOC. I. of Hydrochloric acid gas must weigh . .. 39*3689. 

These numbers are in the ratio of 1 to 85*84, being nearly that 
of single eq. of hydrogen and chlorine. Hence its eq. is 36-42 ; 
eq. vol. = 100 ; symb. H + CI, or HCl. 

COMPOUNDS OF CHLORINE AND OXYGEN. 

The leading character of these compounds is derived from ilie 
circumstance that chlorine and oxygen, the attraction of wjiidi for 
most elementary substances is so energetic, have but a feeble aflSnity 
for each other. These principles, consequently, are never met with 
in nature in a state of combination. Indeed, they cannot be made 
to combine directly ; and when they do unite, very slight causes 
effect their separation. Chemists have long been doubtful as to the 
exact number of the compounds of chlorine and oxygen. The re- 
cent labours of Balard and Marlens have established the existence 
of four, all of which they have shown to possess acid properties. 
Their names and constitutions are given in the subjoined table. 

By weight. By volume. 





Chi. 


.^T 


Cbl. 


.^T 


Hvpochlorous acid 
Chlorous acid 


35-42 . 


2 . 


36-42 . 


. 32 


2 . 


. 4 


Chloric acid 


35-42 . 


. 40 


2 . 


. 6 


Perchloric acid . 


35-42 . 


. 56 


2 . 


. i 



According to the practice of most British chemists, two volume 
of chlorine, as also two volumes of hydrogen and -of nitrogen, are 
considered as respectively corresponding to one equivalent or <Mie 
atom ; whereas one volume of oxygen corresponds to one equivalent. 
Berzelius with m^ny Continental chemists, considering the atoms of 
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alLeleeaents to possdets the aatne volume, regard the four preceding 
compound/^ as oompoaed of 2, atoms or 2 eqs. of chlorine combined 
with 1, 4, 5, and 7 atoms or eqs. of oxygen. 

HifpQcAhrows Acid. — Hist, and Pr€p.— Davy in 1811 dis- 
coiF^ed a gaseous compound, which was described by him in the 
{philosophical Transactions of the same year under the n9.me of 
BSuehloriQe. This gaS| which until recently haa been considered 
to b^ the protoxide of chlorine, is made by the action of hydrochloric 
tusid on: the chlorate of potassa ; and its production is explicable by 
the fact, that hydrochloric and chloric acids mutually decompose 
each other. When hydrochloric acid and chlorate of potassa are 
mixed together, more or less of the potassa is separated by the 
hydrochloric from the chloric acid, and the latter being set at liberty, 
reacts on free hydrochloric acid. The result depends upon the 
relative qua;ntities of the materials. If hydrochloric acid be in ex- 
Cess, the chloric acid undergoes complete decomposition. For each 
eq. of chloric acid, 5 eq. of hydrochloric acid are decomposed : the 
5 eq. of oxygen, contained in the former, unite with the hydrogen 
of the latter, producing 5 eq. of water ; while the chlorine of both 
acids is disengaged. If, on the contrary, chlorate of potassa be 
in excess, the chloric acid is deprived of part of its oxygen only ; 
the products are water and the euchlorine of Davy. The chloric 
BSti hydrochloric acids react on each other in the ratio of 1 eq. to 
S, or what is the same thing, in that of 4 eq. to 8 eq. ; thus 

4(ClH-50) .J, 8(H+0) 

and 8 (H+Cl) ^'^^^ 12 (Cl-f O) 

The gas thus obtained, though containing chlorine and oxygen in 
the ratio of atom to atom, is not, as was supposed by Davy, a dis- 
tinct compound, but is a mixture of chlorine and chlorous acid. For 
this fact, which has long been suspected, we are indebted to the re- 
searches of Soubeiran. On transmitting a stream of euchlorine 
through a tube nearly full of calomel, the free chlorine is readily 
absorbed ; on subsequently exploding the purified gas, he obtained 
one volume of chlorine to two volumes of oxygen, being the exact 
composition of chlorous acid. The product of the last decomposition 
19 tTierefore 8 (CI +40) and 9 CI, and not ia(Cl+0). The 
t. "riments of Soubeiiran have been confirmed by the discoveries of 
Bdlai\^ 

If a stream of chlorine gas be passed into a solution of the pure 
alkalies, or be allowed to act upon the alkaline earths in the form 

z 2 
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of hydrates, a bteacfiiti^ subi^Cati^e is p^ctit*i'dF^^fai(9^^Hfia U^ idH^^ 

monly viewed as a direct coBhfpbtind 'df ^c^loifcie afaS^^^ "aXiLmte 

base. It consists, however, acdAidfe'^ t6^Baii4^^ 

a metallic chloride and the hypochlbridb 8f ^'«^^^M1? ed^lSy6i 

(An.de Ch. et Ph. Ivii. 225). The p^c^ss^rctetaaifl^Seff «k 

obtaining the pure add is to potir into botlWsfilltWl 1;^Wlf ^MAie 

gas peroxide of mercnry in fine powde^, anfl'iiiiie<i'wM3i?^tM4c6^4tt 

weight of distilled water: by brisk aglta;ti6ir thte'clil6fine^ft^][fidly 

and completely absorbed, if a slight excess t)fth^Tp^XiaifV^^^itedl 

By this process one portion of the pferoiidebf TAei^irffi^H^Oy/* 

decomposed, both its constituents combining wit&^^iflflor&e§<^tb* 

mercury forming corrosive sublimate, HgOlg,'"^^ ^ttfe'^fe^i^ 

hypochlorous acid. The latter remains in solntio'tf 'li^fhSfef^^rilgf^ 

while the former, by combining with undecofnpbiiied^'^eSrtWI^frfi of 

mercury, forms the sparingly soluble oxychloride 6f mSi^;f ,^'MldA 

is separated by filtration. The hypochlorous acid bcSri^'^icftttttlif, 

ts obtained in a pure but diluted state by distilktioh.''" TKe ttftts- 

t)erature which is used for this purpose should be kept 6i>n*mderiftlly 

oelbw 212*, as the hypochlorous acid decomposes rapSdly at tfiaJt 

lieat : the process is, therefore, best performed ufed^r reduced' prtsl- 

'fiure. A more concentrated solution of the acid il^ obtailned t^ 

sutiiiitting the first products to a second distillatioti. -■'■"■■'-^ ' "i"- 

Prop, — As thus obtained, hypochlorous add is a traiisj^fMi^tit 

a slightly yellow colour when concentrated. Its ddt^tiy is 

istroiig and penetrating, and different though somewhat siteilaif' to 

chlorine. Its action on the skin is exceedingly aetite; £he^ isflfect 

being similar to but greater than that produced by nftiib Add?^^ It 

ii a highly bleaching compound. In a concehtiatM Ma%^ Wis 

very unstable, a slow decomposition taking place at, xo:|;}^nxG^KtaKi* 

.<p^^i|iM:i^es, by which chlorine is evolved and chiorijBad:<|^^p:^(^i^ced. 

j 'S'his ijhange is promoted by light, and is effected aJm9ft,^i|i^^|^t)y 

f,by exposure for a few moments to the direct rays of jt^^ &\m. \jf.t 

i4» aisO;decQmpo6ed by agitation with angular boidi^s ; ^n^^p^^^w- 

:/j^g intp j;he acid a portion of pounded glassy a Ixrisik ^%]r^^2^ 

i.iit'Qb^^JSy^d.jfromth^^SKjape of chlorine. , . , i. qcyuhhr. 

X ri, Itvis w^e of the mo3t powerful oxidizing agenjLs.^ -J^.^tiii^;}4n 

J |t](i3 i^espec^, however^ is various, and is prindpalJ^.p^eryM^^n 

relation, to the simple non-metallic elements. Thusj3ulp^L^i?,'apd 

, phpsphprus are readily brought to their highest state of 9xidf|tf9n, 

and ^y^n^l^9Jiyi^,i9 pg^verted i^nto selepip aci^/apj^tj^^^gh^ 
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nitric acid cannot accomplish. Iodine anjbnominc are also in- 
Rtaatly changed into iodic and bromic acids. Its action on the 
?nore perfect metaJB, on the contrary, is slight : iron and silver, how- 
pvcr, arc repiarkable exceptions to this rule ; for when either of 
Uiun is brought in a finely divided state in contact with hypo- 
qjlloj^ns add, the latter suffers instantancoua decomposition. When 
iion is used, it ia oxidized at the expense of tlie acid, and chlorine 
is .evolved ; with silver the oxygen escapes, and the chlorine unites 
qiclusively with the metal. The decomposition of hypochlorous 
acid may; also be produced by metallic mercury, but the decompo- 
«i|tion is unattended by the evolution of either gas. Both the 
(shloride and oxide of mercury are produced, and instantly unite to 
f^rm the oxycldoride. 

') Balard has also succeeded in obtaining h)'poehlorous acid in the 
j^couB form. A small quantity of a conecatrated solution is intro- 
_^uced into a bell jar over mercury, and fragments of dry nitrate of 
J^e an successively added. The nitrate of lime being highly 
.^eliqucscent, unites with the water, and the acid gas escapes with 
jeiferveaecnee : the presence of the saline solution is essential, as it 
.prevents the decomposition of the gas by the mercury. The gas is 
/>f a yellowish green colour, and is very similar to chlorine in 
appearance. It unites rapidly by water, which absorbs at least 100 
.times its own volume of gas. It detonates by a slight increase of 
-temperature; and though less explosive than the chlorous aeid, 
ntlieie is a probability of an accident in transferring it from one 
,. vessel to another. The results of explosion are oxygen and ehlo- 
iline ; and Balard found that 100 measures produced 100 of chlorine 
^^nd 50 of oxygen. From these data its sp. gr. is 3'0212 ; its cq. 

-m-iZ; eq.vol.:=100; symb. Cl + 0, CI or CIO. 

I • Chlorous Acid. — Hist, and Prep.-^This compound was disco- 

I XVered by Davj- in 1815 (Phil. Trans.), and soon after by Count 

tetadion of Vienna. It is formed by the action of sulphuric acid 

I 'tth chlorate of potassa. A quantity of this salt not exceeding 60 or 

'^0 grains is reduced to powder, and made into a paste by the 

addition of strong sulphuric aeid. The mixture, which acquires a 

I "Beep yellow colour, is placed in a glass retort, and heated by warm 

I "Vater, the temperature of which is kept under 212° F. A bright 

I '"yellowish green gas of a richer colo\ir than chlorine is disengaged, 

♦*Vliich has an aromatic odour without any smell of chlorine, is 

jsorbcd rapidly by water, to which it communicates its tint. This 
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gas, which has long been described ^ the peroxide of chlorine, 
niust now be called chlorous acid, as it has been shown- to possess 
acid properties, and to form definite compounds ^ith the alkalioe 
bases. .^ 

The chemical changes which take place in the process are ex- 
plained in the following manner. The sulphnrie aeid decomposes 
some of the chlorate of potassa, and sets chloric acid at liberty. 
The chloric acid, at the moment of separation, resolves itself into 
peroxide of chlorine and oxygen ; the last of whicb^ instead of 
escaping as free oxygen gas, goes over to the add of scmie ^nde- 
composed chlorate of potassa, and converts it into perchloric add. 
The products are bisulphate and perchlorate of potassa, and chlorous 
acid. It is most probable, from the data contained in the preceding 
table, that every 8 eq. of chloric acid yield 1 eq. of perchloric acid 
and 2 eq. of chlorous acid. 

Prop. — Chlorous acid unites readily with the alkalies and alka- 
line earth, forming salts which are more stable than those of the 
hypochlorous acid. They are produced by transmitting the gas 
into the alkaline solutions, which may thus be rendered perfectly 
neutral (Martens, An. de Ch. et Ph. Ixi. 29$). All the salts 
hitlierto examined are soluble in water, and are possessed, like the 
add itself, of bleaching properties. The neutral salts pass readily 
into a metallic chloride and chlorate of the base, particularly such 
as the chloride of potash, which form a sparingly soluble chlorate. 
This change does not so readily ensue when alkali is in excess. 
The proportion in which the chloride and chlorate are produced 
indicate that 6 eq. of chlorite are decomposed, by which 1 eq. of 
metallic chloride and 5 eq. of chlorate are produced : thus 6K0 
CIO4 yields KCl and 5KO CIO5. The solution of the pure acid 
gradually yields chloric acid and chlorine. It is a powerful oxidiz- 
ing agent, and in this respect is very similar to the hypochlorous 
acid. It causes a precipitate with nitrate of silver; but it is best 
recognized by the evolution of chlorous acid gas on the addition 
of an acid to its salts. 

Phosphorus takes fire when introduced into the gas, and occa- 
sions an explosion. It explodes violently when heated to a tem- 
perature of ^12**, emits a strong light, and undergoes a greater 
expansion than protoxide of chlorine. According to Davy, whose 
result is confirmed by Gay-Lussac, 40 measures of the gas occupy 
after explosion the space of 60 measures ; and of these, 20 are 
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chlofiflie'and iOoxygfii. The peroxide is therefore composed of 
35*42 parts,' or 1 eq. of chlorine, united witi 32 or 4 eq. of oxygen ; 
and its<8p.>gT. must be 2'837$« 

• • 

Its eq. is 67*42 ; eq. vol. = 100 ; symb. CI + 40, CI, or CIO4. 

'fi'Worte j^tfMl.-— Prep.— -If a current of chlorine gas be trans- 
mitted into a strong solution of pure potassa, a portion of the alkali 
is decomposed, and chloride of potassium and hypochlorite of potassa 
aie generated* On bringing the solution to the boiling point, the. 
lalter salt is decomposed. The changes which occur are compli- 
calted, and give rise to the evolution of oxygen, and the formation 
ol chlorate of potassa and chloride of potassium. According tt) the 
experiments of Morin and Soubeiran, which accord entirely with 
the observations of Balard, 9 eq. of hypochlorite of potassa pro- 
duce 1 eq. of chlorate of potassa, 8 eq. of chloride of potassium, and 
12 eq. of oxygen : or thus, 

9(K0 -hClO) yield (KO +CIO5), 8KC1, and 120. 
Hence for every eq. of chlorate, 17 eq. of chloride are formed. 

When to a dilute solution of chlorate of baryta a quantity of 
weak sulphuric acid, exactly sufficient for combining with the baryta v 
is added, the insoluble sulphate of baryta subsides, and pure chloric 
acid remains in the liquid. This acid, the existence of which was 
originally observed by Mr. Chenevix, was first obtained in a separate 
state by Gay-Lussac. 

Prop. — Chloric acid reddens vegetable blue colours, has a sour 
taste, and forms neutral salts, called chlorates^ (formerly hyper* 
oxy muriates)^ with alkaline bases. It possesses no bleaching pro- 
perties, a circumstance by which it is distinguished from chlorine, 
hjrpochlorous, and chlorous acids. It gives no precipitate in solu- 
tion of nitrate of oxide of silver, and hence cannot be mistaken for 
hydrochloric acid. Its solution may be concentrated by gentle heat 
till it acquires an oily consistence without decomposition : in thi^ 
state of highest concentration it acquires a yellowish tint, emits an 
odour of nitric acid, sets fire to paper and other dry organic matter, 
and converts alcohol into acetic acid. When sharply heated in a 
retort, part of the acid is resolved into chlorine and oxygen ; but 
another portion, acquiring oxygen from that which is decomposed, 
is converted into perchloric acid, and then passes over into the re- 
ceiver in the form of a dense colourless liquid (Serullas). Chloric 
acid is easily decomposed by deoxidizing agents. Sulphuro\is acid, 
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for »tlinte,4c!p&faa i^ W'oxj%bBrv3;h[Hba^^ wdA 

and evolation jof 'dkriiiew < ; Sy^ihe iaptibvosf dbf^dDtsUpiifaiiafauHd^ 
mioi is generated; iriiUe.'SuipIuiviandjddK^^ IIQfe> 

power isi hydrochliiiik aek}; ia effisqtibj^iUdiCDafalpGBKiibn UassabraM^ 
been explained* * " ' ■ •• *•, •i.n Imj-jt/iioo yhiliao si oicioLio oilj 
' C!hloric aeid is zeadiljp known^bjfi ^hnfagla salieinAll^piiteslaq 
iriiich crystalfisce in lablcs and IniS'a'ijiMtrljr^lliBbN^ deAAgmfafeS]^ 
■fire vhen Inng on homing AoieMd, and yieUb y6ioKi<^Bfc)f)eiUqnnD 
b^tbeactkALcf concentrated sulj^huric acsdii:U)^h>]aiiKroi{pD<fiHip 
Ulocf most of' the diloiBteS) gives off pa«e oiu y g«i i^ w h felp I|£BBl§sbte 
iedoesai, and: leaves a residue of chloridB of^^pittaBBiilaiknfB^^Us 
mode Oiy-Lnssac ascertained the eoinposEtionMof(»efa}dHi»aAid^aB 
stated in the preceding table. (An. de Chimin jccik^nl i> j{(?rir^nij 

'■ Its (Iq. is 75-42 ; symb. CI + 60, CI, or Ci 6^:^'' ''' "'\ '"" 

Perchloric Acid, — The saline matter which remains ctibfthefie^ 
tort after forming chlorous acid, is a mixture ofyperchlorate and 
bisulphatc of potassa ; and by washing it with cola water; tlie bi- 
snlpliate is dissolved, and the perchlorate is left. ^ Peiy^khhiettcid 
may be prepared from this salt by mixing it ib « Tetovt'widr hUfiitii 
lireight of sulphuric acid, diluted with one-third' of imtt^r^ mod a^ijil^ 
ihg heat to the mixture. At the temperature of abcM^ ^4fii¥i 
i^hite vapours rise, which condense as a colourlesB>}i4uid^in''itlBe>orcK 
c^ivcf . This is a solution of perchloric acid. - = ' ^ • i -« . / h( »-r i m . ! 
H) The existence of perchloric acid was first ascertained Vp^(Oo«Di 
Sladion, who foimd it to be a compound of 2 voluiileihGl*rl><eqi 
of chlorine and 7 of oxygen ; and this view of its <eo«Bt)ti£tionim 
j>een confirmed by Gay-Lussac, Serullas, and MitscheriidrL' ^(An; 
idfijCh. et Ph. viii. ix. xlvi. 297, and xlix. 113;) - AocdrdiiHg^^tb 
rSeraUaS, it is a vary stable compound: it may bet hlBated> with 
^hydrochloric or sulphuric acid without change^ does' nod isbt^fire^tn 
JOBgifiic substances, and is not decomposed by albohoL! < WJMn 
icxH^eliktrated it: has a density of 1*65, in which state it emitevafxittr 
(i^hdn exposed to the air, absorbs hygrometric moisture powerftiliyv 
alMl bdils^^At 3952^ F. By admixture with strong sulphuric lUnd said. 
jdi^tillin^ S^mllas obtained it in the solid form, both*! matoi vie/ and 
tin. idoiigatbd prisms. It hisses when thrown into watery Uke orcdh 
hqt irom when quenched. • i» » .; ij^ /' 

Of all the salts of perchloric acid, that with potassa is the niost 
insoluble^ requiring 65 times its weight of water at 60*^ for S9luUon. 
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this salt is: readily and safety formed by adding chlorate of potassa, 
well dried und in fine powder, in Bmail portions at a time, to ad 
equal weight, of concentrated aulphiiric acid, gently wanned in an 
ofjeii' "Vessel. The chlorous acid gas escs^>ea without danger, and 
the chlorate is entirely converted into perchlorate and bisnlphute of 
potaasot the latter of which, being very soluble, is easily removed 
by cold wstcr. Serullas finds that chlorate of potassa, when de- 
contpoBcd by a low heat, is converted into chloride of potassium 
and pt«chlorate of potassa; but the temperature must be carefully 
miiiaged, otherwise the perchlorate itself would be resolved into 
ezygmtand chloride of potassium. The percblorate thus procured 
U.piuiiied by solution in hot water and crystallization. It is dis- 
tinguished from chlorate of potassa by not acquiring a yellow 
tint on the addition of hydrochloric acid. The primary form of its 
crystals, according to Mitsclierlich, is a right rhomboidal prism 
isomoiphous Tvith permanganate of potassa. . . i 

''"its eq.' is 91-42; symb. CI + 70, cil or CI 0,. " '^,"'1,^,^'! 

\>Quadrockloride of Nitrogen. — Hist, and Prep. — This mhi'- 
pound was discovered by Dulong in 1811. Its elements have a 
feeble mutual atfinity, and do not unite when presented to each 
otlier in their gaseous form. The condition which leads to their 
union is the decomposition of ammonia by chlorine, during whii^ 
hydrochloric acid is generated by chlorine combining with the 
hydrogen of ammonia ; while the nitrogen of that alkali, in its 
nascent state, enters into combination with another portion of chlo- 
limc. A convenient mode of preparing the quadrochloride of nitro- 
gen is the following. An ounce of hydrochlorate of ammonia is 
dissolved in 12 or 16 ounces of hot water; and when the solution 
has cooled to the temperature of 90", a gloss bottle with a wide 
mouth, lull of chlorine, is inverted in it. The solution gradually 
absorbs the chlorine, and acquires a yellow colour; and in about 
80 minutes globules of a yellow fluid are seen floating like oil upon 
its surface, which, after acquiring the size of a small pea, sink to 
the bottom of the liquid. The drops of the chloride, as thoy de- 
Bcend, should be collected in a small saucer of lead, placed for that 
purpose under the mouth of the bottle. It is also readily obtained 
by suspending a fragment of sal-ammonia in a solution 0*' hypo- 
chlorous acid. 
I Prop.-^ll is one of the most explosive compounds yet known, 
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having been the caose of serious accidents b«th io itSidiseoyeser and 
to Davy. (Phil. Trani. 1818 ; An. de Ch. Ixxxtsi.) Its lipecific 
gravity is 1*658. It does not congeal in the intenaer cold produced 
by a mixture of snow and salt. It may be distilled' at 160° ; bat, 
at a temperature between SOO** and 212° it explodes. lit appears 
from the investigation of Messrs. Porrett, Wilson, anid Kirk, Uii^ 
its mere contact with some substances of a <tombu8tible nature 
causes detonation even at common temperatures. This result ensues 
particularly with oils, both volatile and fixed. I have never known 
olive oil &il in producing the effect. The products of the explosion 
are chlorine and nitrogen. (Nicholson'^s Journal, xxidv.) 

Sir H. Davy analyzed chloride of nitrogen by means of mercury, 
which unites with chlorine, and liberates the nitrogen. He inf(^Ted 
from his analysis that its elements are united in the proportion of 
four measures of chlorine to one of nitrogen ; and it hence follows 
that, by weight, it consists of 4 eq. of chlorine and 1 eq. of nitrogen. 

Perchloride of Carbon. — Hist, and Prep. — The discovery of 
this compound is due to Mr. Faraday. When olefiant gas (a com- 
pound of carbon and hydrogen) is mixed with chlorine, combination 
takes place between them, and an oil-like liquid is generated, which 
consists of chlorine, carbon, and hydrogen. On exposing this liquid 
in a vessel full of chlorine gas to the direct solar rays, the chlorine 
acts upon and decomposes the liquid, hydrochloric acid is set free, 
and the carbon, at the moment of separation, unites with the chlo- 
rine. (Phil. Trans. 1821.) 

Prop. — Perchloride of carbon is solid at common temperatures, 
has an aromatic odour approaching to that of camphor, is a non- 
conductor of electricity, and refracts light very powerfiiUy. Its 
sp. gr. is exactly double that of water. It fuses at 8^°, and after 
fusion it is colourless and very transparent. It boils at 86C, and 
may be distilled without change, assuming a crystalline arrangement 
as it condenses. It is sparingly soluble in water, but dissolves in 
alcohol and ether, especially by the aid of beat. It is soluble also 
in fixed and volatile oils. 

It burns with a red light when held in the flame of a spiritrlamp, 
giving out acid vapours and smoke ; but the combustion ceases as 
soon as it is withdrawn. It bums vividly in oxygen gas. Alkalies 
do not act upon it ; nor is it changed by the stronger acids, such as 
the hydrochloric, nitric, or sulphuric acids, even with the aid of 
heat. When its vapour, mixed with hydrogen, is transmitted 
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through a red-hot tub^, eharcoal is separated, and hydrochloric acid 
gas evolved. On passing its vapour over the peroxides of metals, 
soch as tbatiof mercury and copper, heated to redness, a chloride of 
the metal and carbonic aeid are generated. Protoxides, under the 
same :ti«atknent, yield carbonic oxide gas and metallic chlorides. 
Most of the metals decompose it also at the temperature of igni- 
tion, uniting with its chlorine, and causing deposition of charcoal. 

The composition of the perchloride of carbon was inferred by 
Faraday from the proportions of chlorine and olefiant gas employed 
in its production, and from the quantity of chloride of copper and 
carbonic acid generated when its vapour was transmitted over oxide 
of copper at a red heat. 

Its eq. is 118-60 ; symb. 2C + 8C1, or C^ Clg. 

Protoehlaride of Carbon. — When the vapour of the perchloride 
is passed through a red-hot glass or porcelain tube, filled with frag- 
ments of rock crystal to increase the quantity of heated surface, 
partial decomposition occurs, chlorine gas escapes, and a vapour 
which, analyzed by Faraday by means of oxide of copper, proved 
to be protochloride of carbon. At common temperatures it is a 
limpid colourless liquid, which has a density of 1*5526, does not 
congeal at 0** F, and at 160° or 170*^ is converted into vapour. It 
may be distilled repeatedly without change ; but when exposed to 
a red heat, some of it is resolved into its elements. In its chemi- 
cal relations it is very analogous to perchloride of carbon. 

Its eq. is 41*54 ; symb. C + CI, or C CI. 

Dichloride of Carbon. — The only sample of this substance yet 
obtained was brought from Sweden by M. Julin, and is said to 
have been formed during the distillation of nitric acid from crude 
nitre and sulphate of iron. It occurs in small, soft, adhesive fibres 
of a white colour, which have a peculiar odour, somewhat resem-* 
bling spermaceti. It fuses on the application of heat, and boils at 
a temperature between 350"* and 450° F. At 250° it sublimes 
slowly, and condenses again in the form of long needles. It is in^- 
soluble in water, acids, and alkalies ; but is dissolved by hot oil of 
turpentine or by alcohol, and forms acicular crystals as the solution 
cools. It bums with a red flame, emitting much smoke and fumes 
of hydrochloric acid gas. 

The nature of this substance is shown by the following circum- 
stances. When its vapour is exposed to a red heat, evolu- 
tion of chlorine gas ensues, and charcoal is deposited. A 



pliospliosus> irony! or fiin;Maiii4('av€|ili^^Qf i» i!miDM>#l*o'^ ^m& 
^iine4 PotassMim tema t mwU ji in rite offttieur twkkr ftwtoWiofti^ 
cbkmde of potasaiun fuid «epai»tioD \af^jc}msio9i. :)lOn.%4^lqf»f(ti]^ 
H mixture of its wipoiU wiUi odijrgeQrga^ioivifer ii»ereiir]r9<^j^}>9ri|^ 
that metal and carbonic add. are rg^i^iatodJ •< S^ lih^fi}^mf»9^ 
Phillips and Faraday Jisceiptained Ui^ compoi^itMttf (>A^.T5tfr&hiI. 
x?iii. 150). Its eq. is 47*66; syrob» SG ^Ciy,ou^Q^fjii^^. : i xii • 
Dichhridt of Sulphur. — This ccmipoimdiwaa 'diseoiveieiifi]i/i&$ 
year 1804 by Thomson,* and was afteniriKdS' examined) hfsVm 

thdlet.f It is most conveniently prepared by ^peiimg^t^tOtltiNHi^ 
ot ehlorine gas over flowers of sulphur gently heated^ ^mii^ Ke^tjy 

all the sulphur disappears. Direct combinstioi^ eiisui»s»|8iid tin) 
product^ distilled off from uncombined sulphur, is ^^blaitiedfimdei 
the form of a liquid which appears red by reflectedvand/iy^Uopish 
green by transmitted light. Its density is 1*687. . It hi vp]Mil^ 
below 200% boils at 280% yielding vapour which .Jiaa Si dieosij^yiitf 
4*70, and condenses again without change in cooUng^^ ^A^h^ {ex- 
posed to the air it emits acrid fumes, which kritate th^\^yeaip.o%er- 
foUy^ and have an odour somewhat resembling searrW6€idy]l(^ti|fiuc6 
stronger. Dry litmus paper is not reddened by it,* ttor^doea. it/ nniftf 
^ith alkalies. It acts with eneigy on water :<*^miitutf k)eQ(iiipoi6T 
iiton misueS) with formation of hydrochloric and .hrypo^lp^ijimttf 
Hcids, and deposite of sulphur, by which the water* is flrdnderedri^leiid}^ 
(Fxom a recent analysis by Rose it consists of 36r42ipavt8r(0]:fl)e(f. 
of chlorine and 32*2 parts or 2 eq. of sulphur (Pog^ A(Di(iKaaiJ>431})v 
'. Its eqi is 67*62; symb. 2S + CI, or Sj CL - .' » :; t , j-j.^oo oJ 
' Rose maintains that the preceding is the only>o{iloiad^<o£|tailT 
fpbur^ arguing that the chloride analyzed by Davy %as[merliliy^di- 
diloride of sulphur holding chlorine in solution. ' ^Dniin^^rcaifthe 
other hand, contends, that when sulphur is acted ont^byrei^Klesfii^ 
Dhlcinne^ a chloride of sulphur is really obtained, wbiteb is fcipjbrotp 
retain traces of the dichloride, and can only be purified bjiitqj^tfeid 
distilhAion at ^about 140<' F. This chloride k a Iti^uidx^oS^deep 
•ffiddidhi brbwDj tint, and ^ has a density of 1*62. < Itt>boik) allldfi(9, 
and the ^denifity ot its vapour is between 8*67 andi&J3iO*i r Bj^id^ 
tomppsition in maiet it should yield hydrochloric and hyposulplf^l- 
ousacids. 7{'Afa»:de Gh. ct Ph. riix. 205.) » *. m. r/irr r. 

^r,\Ptrohlorideof'JPkwphoTU8^---^TL\iett are two definite compounds 
(«f cUome and phosphorus^ the nature of which was first isatis&c* 

* NicholNon*s Journal, vol. vi. t Mi^moires d'Arcueil» vol. i. 
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torify explained by Davy (Elements, p. S9(V). When pliosplio- 
ruB is introduced into a jar of dry clilorine, it inflames, and on the 
inside of the vessel a white matter colleeta, which ia perchloride of 
phosphorus. It Ig very volatile, a temperature much below SIS" 
being sufficient to convert it into vapour. Under pressure it may 
be fii*;d, and it yields transparent prismatic crystals in cooling. 

■ Water and pCTchloride of phosphorus mutally decompose each 
other ; and the sole products are hydrochloric and phosphoric acids. 
Mtfw in order that theee products should be formed, consistently 
with the constitution of phosphoric acid, as stated at page 317, the 
percbloride must consist of 81'4 parts or 2 eq. of phoBphorus, and 
l^-\ parts or 5 eq. of chlorine. One equivalent of the chloride 
Wd 5 eq, of water will then mutually decompose each other with- 
eiit any element being in excess, and yield 1 eq. of phosphoric, and 
S eq', of hydrochloric acid. This proportion is not far from the 
Muth ; for according to Davy, one grain of phosphorus is united in 
the perchloride with six of chlorine. 

Its eq. ia 206-4 ; symb. 9P + 5C1, or Pj C\. 
1 Sesquichloride of Phosphorus may be made either by heating 
&i6 perchloride with phosphorus, or by passing the vtipour of phos- 
jjiioniB-over corrosive sublimate contained in a glass tube. It is a 
dear Kqnid like water, ofsp.gr. r45; emits acid fumes when ex- 
posed to the air, owing to the decomposition of watery vapour ; but 
wbtn pure it does not redden dry litmus paper. On mixing it with 
-Vat6r, mutual decomposition ensues, heat is evolved, and a solutioti 
4f hydrochloric and phosphorus acids is obtained. It hence appears 
to consist of 31 '4 parts or 2 eq. of phosphorus, and 106'26 parts or 
*ieq. of chlorine. Its eq. is 137-66 ; symb. 2P + 3C1, or P^ CI,. 
.~il' When hydrosulphuric acid gas is transmitted through a vessd 
ti^taining perchloride of phoB|>horus, hydrochloric acid ia diacni^ 
"^IBgcd, and a liquid produced which, according to Serullaa, is a com- 
pound of three equivalents of chlorine, one of phosphorus, and one 
lof sulphur. (An. de Ch. et Ph. slii. 25.) 

■; Chlarocarbonie Acid Gas. — Hist, and Prep. — This compound 
■was discovered in 1812 by Davy, who described it in the Philoso- 
phical Transactions for that year, under the name of phosgene gas. 
-(From pftij light, and yiyveti/ to produce.) It is made by exposing 
s mixture of equal measures of dry chlorine and carbonic oxide 
jj^aeeB to sunshine, when rapid but silent combination ensues, and 
.Goabact.to one half their volume. . Djifiiiapd :day-light also 
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effects their nmon slowly; but they do not combine at all when 
the mixture is wholly excluded from light. 

Prop. — It is colourless gas, has a stromg' odour^ and reddeos dry 
litmus paper. It combines with four times its Tolume of arnmo*- 
niacal gas, forming a white solid salt ; so that it possesses die cW 
ractcristic property of acids. It is decomposed by oontact with 
water. One equivalent of each compound undergoes deoomposilShn ; 
and as the hydrogen of the water unites with chlorine, and its 
oxygen with carbonic oxide, the products are carbonic and hydros 
chloric acids. When tin is heated in this gas, chloride of tin is 
generated, and carbonic oxide gas set free, which occupies exactly 
the same space as the chlorocarbonic acid which was employed. A 
similar change occurs when it is heated in contact witb antimony, 
tine, or arsenic. 

As chlorocarbonic acid gas contains its own volume of eaeli of its 
constituents, it follows that 100 cubic inches of that gas at the 
standard temperature and pressure must weigh 106-886 grains; 
namely, 76*599 of chlorine added to 80-£07 of carbonic oxide. 
Its sp. gr. is therefore 3*4427, and it consists of 35*42 parts or 1 eq. 
of chlorine, and 14*15 parts or 1 eq. of carbonic oxide. 

Its eq. is 49-54 ; symb. C + O -f CI, or CO CI. 

Terchloride of Boron. — Davy noticed that recently prepared 
boron takes fire spontaneously in an atmosphere of chlorine, and 
emits a vivid light ; but he did not examine the product. Berze- 
lius remarked, that if the boron has been previously heated, whereby 
it is rendered more compact, the combustion does not take pfaiee 
till heat is applied. This observation led him to expose boron, 
thus rendered dense, in a glass tube to a current of dry chlorine ; 
and to heat it gently as soon as the atmospheric air was completely 
expelled, in order to commence the combustion. The resulting 
compound proved to be a colourless gas ; and on collecting it over 
mercury, which absorbed free chlorine, he procured the chloride of 
boron in a state of purity. This gas is rapidly absorbed by water ; 
but double decomposition takes place at the same instant, giving 
rise to hydrochloric and boracic acids as the sole products : (torn 
this fact is inferred the composition of the chloride ; for 1 eq.' of 
terchloride of boron or B -f 8 CI, and 8 eq. of water or S (H 4- O); 
correspond to 1 eq, of boracic acid or B -f 8 O, and 8 eq. of hydro- 
chloric acid or 8(H + CI). The watery vapour of the aUnosphere 
occasions a similar change ; so that when the gas is mixed with air 
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containing h]/^ametrix; moisture, a dense white cloud is produced. 
The sp. gr. of the gas, according to Dumas, is 3-942. It is solu- 
blb in aikoh(^ sad cennmuxiicateB to it an ethereal odour, apparently 
by'tbfi action of hydrochloric acid. It unites with ammoniacal gas, 
feomiing a fluid Tolatile substance, the nature of which is unknown. 
*H+(Annab of Phil. xxTi. 129.) 

Dwnas finds that chloride of boron may be generated by the 
action of -dry chlorine on a mixture of charcoal and boracic acid, 
heated to rednei^s in a porcelain tube. Although neither charcoal 
nor chlorine can, when acting alone, decompose boracic acid, they 
db 60" readily by their united effort. According to Dumas, two 
tolumes of chloride of boron, and three of carbonic oxide gas are 
fenmed. Prom these data chloride of boron may be considered as 
composed of S eq. vol. of chlorine and 1 eq. vol. of boron condensed 
into two volumes. Its sp. gr. is 4*079 (Dumas). 

Despretz also appears to have invented a similar process. 
(Philos. Magazine and Annals, i. 469.) 

Its eq. is 117'16 ; eq. vol. = 200 ; symb. B + 3C1. or BCI3, 

Terchlortde of Silicon. — When silicon is heated in a current 
of chlorine gas, it takes fire, and is rapidly volatilized. The pro- 
duct of the combustion condenses into a liquid, which appears to 
be- naturally colourless, but to which an excess of chlorine commu- 
nicates a yellow tint. This fluid is very limpid and volatile, and 
evaipohttes almost instantaneously in open vessels in the form of a 
white vapour. It boils at 124°, and bears a cold of zero without 
becoming solid. It has a suffocating odour not unlike that of 
cyanogen, and when put into water is converted into hydrochloric 
aiid:siEeic acids, the latter being easily obtained in a gelatinous 
form<. (Berzelius). 

t It may also be prepared by the method proposed by Oersted, 
which has been so successfully applied in the formation of other 
chlolrides. It consists in mixing about equal parts of hydrated 
silicic acid and starch into a paste with oil, heating the mass in a 
covered crucible so as to char the starch, introducing the mixture 
in fijagments into a porcelain tube, and then transmitting through 
It. a cuirent of dry chlorine gas while the tube is kept at a red 
bfl^. The chlorine unites with silicium, while the charcoal and 
oxygeti combine* The volatile chloride is then agitated with mer- 
cury to separate the firee chlorine, and purified by distillation. 

Its eq. is 128-76 ; symb. Si + 801. or Si CI3. 
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Chlttro-nitrouii Gait. — When fused chloride o( sodiam. pout- 
sium, or calcium, in powder, is treated with as much &tmfi<r niuv 
acid as ia Eufficient to wot it, mutual decomposition ensuee^ uuls 
new gas, composed of chlorine and blnoside of sitrogea, 
rated. Its discoverer, Mr. E. DavVt describee it U a §fia, 
reddish yellow colour, of an odour similar to that of chloriM* 
lesB pungent, and possessed of bleaching properties. It 
exposure to the air, and is freely absorbed by water. It is deeoi^ 
posed by sulphur, phosphorus, mercury, and most metals, and bj 
substances in genera) which have an affinity for chlorine. It coAr 
sists, according to Davy, of eijual volumes of chlorine and biacxili 
of nitrogen, united without any condensation. -n 

In the mutual decomposition of chloride of sodium aod tntrii 
acid, the products appear to be chloro-nitrous and cbloruie gasOf 
and nitrate of soda. Their formation must obviously depend 04 
sodium being oxidized at the cipenae of nitric acid, while part 4 
the clUorine unites, at the moment of separation from the eodiuO^ 
with binoxide of nitrogen. (Phil. Mag. is. 355.) Theor^icalljiJ 
it should be mixed with twice its volume of chlorine, the pre«eiul| 
of which must materially obscure the properties of the new gas. « 

ON THE NATUEE OF CHLORINE. , 

The change of opinion which has gradually taken place amoBf^ 
chemists concerning the nature of chlorine, is a remarkable ftct 4 
the history of the science. The hypothesis of BerthoUet, unfound^ 
as it is, prevailed at one time universally. It explained pheaonieit% 
so satisfactorily, and in a manner so consistent with the Fceejivwl 
chemical doctrine, that for some years no one thought of calling it% 
correctness into question. A singular reverse, however, liw lA^^ 
place ; and this hypothesis, though it has not hitherto been ng^J), 
demonstrated to be erroneous, has within a short period been genanf 
tally abandoned, even by persons who, from having adopted it i^ 
early life, were prejudiced in its favour. The reason of tbis wilb 
readily appear on comparing il with the opposite theory, and exa^J 
mining the evidence in favour of each. '^ 

Chlorine, according to the new theory, is maintained to Ite 4i 
simple body, because, like oxygen, hydrogen, and other aiialogou|| 
substances, it cannot be resolved into more simple parts. It do^ 
not indeed follow that a body is simple because it has not hith^to 
bee^^dec^PSi*^».^ut jiBchigni^ta_^e no other mode of cstimAUnSo 
* I 
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tlft dcntentsry nature oF bodies, tliey must necesaarily adopt tliia 
Biw, or have none at all. Hrdrocliloric acid, by the same rule, is 
ctHwiiiered to Ue a compound of chlorine and hydrogen. For when 
U» the agency of galvanism, it is resolved into these sub- 
and by mixing the two gases in due proportion, and pasa- 
iag wi eleetric spark through llie mixture, hydrochloric acid j,'as is 
4be pnxhict. Chemists have no other kind of proof of the compii- 
^Ikn of water, of potassa, or of any other compound. 
^•' V»y diflCTent is the evidence in support of the theory of Ber- 
tkeHet. According to that view, hydrochloric acid gas is composed 
tt>aA»oluU muriatic acid and water or its elements ; chlorine con- 
akts of absolute jnnriatic add and oxygen ; and absolute muriatic 
aoMis A compound of a certain unlrnowo base and oxygen gas. 
9imr all these propositions are gratuitous. For, in the Grst place, 
hydrochloric acid gas has not been proved to contain water. 
Ikcondly, the assertion that chlorine contains oxygen is opposed to 
dkeet experiment, the most powerful deoxidizing agents having 
y^/en nnable to elicit from that gas a particle of oxygen. Thirdly, 
ib« existence of such a substance as absolute muriatic acid is wholly 
vithont proof, and therefore its supposed base is also imaginary. 

But this ia not the only weak point of the doctrine. Since 
dilorine is admitted by this theory to contain oxygen, it was ncces- 
mry to explain how it happens that no oxygen can be scparatcil 
Aom it. For instance, on exposing chlorine to a powerful galvanic 
fctt«ry, oxygen gas docs not appear at the positive pole, as occurs 
lAen' other oxidized bodies arc subjected to its action ; nor is car- 
Ihtnio acid or carbonic oxide evolved, when chlorine ia conducted 
I :j^^'^gnited charcoal. To account for the oxygen not appearing 
<4htler these circumstances, it was assumed that absolute mtiriatic 
'rit^ 18 unable to exist in an uncombined state, and therefore cannfit 
hVAeparated from one substance except by uniting with another. 
Ttia supposition was thought to be supported by the analogy of 
CRtain compounds, such as nitric and oxalic acids, which appear to 
h^incapable of existing except when combined with water or some 
Mher substance. The analogy, however, is incomplete ; for the 
4fceotn position of such compounds, when an attempt is made to 
^toeure them in an insulated state, is manifestly owing to the ten- 
dtoey of their elements to enter into new combinations. 
."Admitting the various assumptions which have been stated, most 
«f the phenomena receive as consistent an cxplanarion by the old as 

2a 
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by the laew theory* TJius, when KytlrQch{h^riAi^eicl,|g^iM<T^plYpd 
by galyanism into chlorbe and hy4i5)gen^4t .^way.V^.swpp.p^^ditJ^M 
absolute muriatic acid fdUiche^ itself to tb^^foxj^n^./pf t\^ yf»t^i 
and forms chlorine; vhile thejiyd^o^njof .tbQH]Yat9rt gP^,|tQ.|t^e 
opposite pole of the battery. >iVhen,chh>i;i]ae. ;v[id flf'y4fPg^Rri^Yl^F 
into combination, the oxygen of th^ fonaeT, Jwy l^Ci BB^^.^\^lm}jl|i 
with the latter; and that hydmchloriq acid. gas &S(!g^i&ra'to<l'/^it^ 
water so formed combining with the absolute muriatic acid of the 
chlorine. The evolution of chlorine, which ensues on mixing 
hydrochloric acid and peroxide of manganese, is explained on the 
supposition that absolute muriatic acid unites directly with the 
oxygen of the black oxide of manganese. 

It will not be difficult, after these observation^ tO| accQ,^i:^for 
the preference shown to the new theory. In an ex£|ct fsqi^^e;, si^lf 
as chemistry, every step of which is required to be matter.of d|epQio?|t- 
stration, there is no room to hesitate between two mo^^^ pf,,)^ 
toning, one of which is hypothetical, and the other foundeid on 
experiment. Nor is there, in the present instance, temptatiop,,,tp 
deviate ifrom the strict logic of the science; for there,is .pot a 
single phenomenon which may not be fully explained on jJiep,^? 
theory, in a manner quite consistent with the laws otc}mi^}jC9i 
action in general. • i .- .f,( 

It was supposed, indeed, at one time, that the sudden, deiqon^pp:; 
aition of water, occasioned by the action of that liquid on the cop^- 
pounds of chlorine with some simple substances, constitutes a . r^I 
objection to the doctrine ; but it will afterwards ^pear, tha,^;. fthe 
acquisition of new facts has deprived this argument of all its, $»^. 
While nothing therefore can be gained, much may be lpsjt,,^y 
adopting the doctrine of Berthollet. If chlorine is regari^ocjiia^^ 
impound body, the same opinion, though in direct oppositipi|,:^9 
the result of observation, ought to be extended to iodine i^i<i|^f|CH- 
mine; and as other analogous substances may hereafter.^ b^ 4^9^ 
<vered» in regard to which a similar hypothesis vriU ^pljlTi'^ i^ 
.obvious that this view, if proper in one 4;ase, may legitin^i^ti^]^ ^ 
>€ixteiided to others.. One encroachment on the pgpiethq^ijOf ,at(^ 
itiductiQH would consequently open Uu& way to a]ipth^^,.^i^l tt^u^LS 
.the genius of the science would eventually be destroyed. 

An ^ble attempt was made 'Some years ago by the? late: Dr. 
Murray, to demonstrate the presence of water or itaf eteiaentB ai» a 
constituent part of hydrochloric acid gas» and j(hus' to ^^1f^ the 



old ihedry tb thfe'^ubv^nsiioti of the n^w. The arguments i?hich he 
tised,"thdlk^ plau6iMe and ing^nioirs, were successfully combated 
hlV'Sfr Ktl ilrtd Dr.- Davy. The only experiment which strictly 
beirfe 'u|)5tt the • Question— *that, namely, where hydrochloric acid 
afid^ dihindtii^csll gases 'W^re mixed together, goes far to demonstrate 
tlte' alfefen'd^ of combined water in hydrochloric acid gas, and 
t^^T&ifW establish the views of Davy.* 
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SECTION XIII. 



IODINE. 



' Hiit. — Iodine was discovered in the year 1812 by M. Cour- 
tois, a *nanufacturer of saltpetre at Paris. In preparing carbonate 
of 6bda from the ashes of sea-weeds, he observed that the residual 
Hqtior corroded metallic vessels powerfully ; and on investigating 
tli'e (Cause of the corrosion, he noticed that sulphuric acid threw 
tfewn a dark-coloured matter, which was converted by the applica-* 
tioi of heat into a beautiful violet vapour. Struck with its appear* 
^'irce, he gave some of the substance to M. Clement, who recog^i 
tlised ftas a new body, and in 1818 described some of its leading 
properties in the Royal Institute of France. Its real nature was 
sbbtt after determined by Gay-Lussac and Davy, each of whom 
ptbved that it is a simple non-metallic substance, exceedingly ana- 
Ibgbus to chlorine.-f* 

"'Iodine is frequently met with in nature in combination with 
potid^itim or sodium. Under this form it occurs in many salt and 
6lliel^ ihirieral springs, both in England and on the Continent. It 
hiSW^h detected in the water of the Mediterranean, in the oyster 
i&hd i^bine other marine molluscous animals, in sponges, and in m6st 
kiiids of isea-weed. In some of these productions, such as the 
Fiicus itrratns and Fucus digitatus^ it exists ready formed, and 
ajccfording to Pyfe (Edin. Philos. Journal,!. 254) may be separated 
bjr ih6 aetibn of water; but in others it can be detected only after 
itf^MeMibti. Marine animals and plants doubtless derive from the 
^^tll^r'iodrrie which they contain. Vauquelin found it also in the 

'.^^ In VlchdUon'« Journal, vols. xxxi. xxxii. and xxxiv. Edinburgh Philos. Trans. 
Yol«.vni« a^4 Philos. Tr^ns, for 1818. 

, .t Tjhe:origi)ial papers on this subject are in the Annales de Chimie, vols. Ixxxviii 
xc. and xci^. j and m ttie Philos. Trans.. for 1814 iind IBIS.' 
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mineral kingdom, in cdmbinatton with iSlveurn )(Alir da* Ch^ et 

/Vfp.-^The iodine^ of commerce is pii6ctiii»l>Tlroii^i'tbelimpiiDe 
carbonate of soda, called k^, ^hicli isipte^ared/iiifilaccgei qxikaikj 
•on the northern shores of Scotland, ,bj im&DXXB^ffjisea.^iwtkiB, 
The help is employed by soap-makers, for the parepatetioii^f of car- 
bonate of soda ; and the dark residual liquor ivemainHBi^ afteritiioi 
salt has crystallized, contains a considerable quantify uof)ii6diii^ 
combined with sodium or potassium. By adding a eufficiemti^qlkibnf- 
tity of sulphuric acid, hydriodic acid is first generated^ and) then 
decomposed. The iodine sublimes when the soliition: is- boil^ 
and may be collected in cool glass receivers. A more oofa^BBB&nt 
process is to employ a moderate excess of sulphuric acidyoiidjiheii 
add to the mixture some peroxide of manganese^ which adss i6i|L 
hydriodic in the same way as on hydrochloric aoid >^page B39>)9 
(Phil. Mag. L. Ure). Another method proposed by Sombeiranv is 
by adding to the ley from kelp a solution made with the »ul{^hat68 
of protoxides of copper and iron in the ratio of one of the fopnner 
to 2^ of the latter, as long as a white precipitate appears. Tfa^ 
diniodide of copper is thus thrown down ; and it may be' decom>* 
posed either by peroxide of manganese alone, or by manganese hnd 
cndphuric acid. By means of the former, the iodine passes <^£hr 
quite dry ; but a strong heat is requisite. i - .■ i 

Prop, — Iodine, at common temperatures, is a soft &iable opaque 
solid of a bluish-black colour, and metallic lustre. It occurs usually 
ki crystalline scales, having the appearance of micaceous iveniorisi 
but it sometimes crystallizes in large rhomboidal plates^ tibe priiai^ 
tive fimn of which is a rhombic octohedron. The crystals are best 
prepared by exposing to the air a solution of iodine in ihjdriodle 
^d. Its sp. gr. according to Gay-Lussac, is 4'948; but Thwuf- 
son found it only 3*0844. At 225*^ it is fused, and entcrs/^ inflo 
ebullition at 847®; but when moisture is present, it is (StibHmed 
rapidly even below the degree of boiling water, and sufierBia^grsf 
dual dissipation at low temperatures. Its vapour is -of an exceeds 
ingly rich violet colour, a character to which it owes f;ke.tlettie-Qf 
Iodine. (From 'laJi;;^, violet-coloured.) This vapour iis jremaik^: 
ably dense, its sp. gr. by calculation, page 231, being 8*7011^ oar 
8*716 as directly observed by Dumas. Hence 100 cubic ineh^, 
at the standard temperature and pressure, must weigh ^GS*^ grains. 
>It is a non-conductor of electricity, and, Uke ;OX]^ii' and^ oUot 

• .'A t"^ ] lil- . Ijiij.in<l 
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VineJ i<3 a*!*— 'r^octric'-ilt has aTeiy-awirid taste, 'and its odour is 
almost exactly similar to that of chlorine, when much diluted wth 
mv.r<tiltiiets snergetieallj on the animal bystem as an irritant poi- 
son ^ibi|t irjBmployed medicinally in very small doses with advantaged 
. I »ii^si^ery.' sparingly soluble in water, requiring about 7000 times 
itflT'T^eightiof that liquid for solution. It communicates, however, 
Bvbnt'iiii this' minute quantity, a brown tint to the menstruum. 
Alcbhol and ether dissolve it freely, and the solution has a deep 
feddish^brown colour. 

•i Iodine possesses an extensive range of affinity. It destroys vege- 
foble colours, though in a much less degree than chlorine. It ma- 
nifests little disposition to combine with metallic oxides ; but it 
]iaa a strong attraction for the pure metals, and for most of the sim- 
ple nion-metallic substances, producing compounds which are termed 
Iodides or lodurets. It is not inflammable ; but under lavourable 
inrbumstanees may, like chlorine, be made to unite with oxygoi^ 
A; solution of the pure alkalies acts upon it and gives rise to dc*- 
composition of water ; whether an hypo-iodite and iodide are first 
prdduced, as in the case of chlorine, has not yet been determined^ 
but on the application of heat an iodate and iodide are formed. 
' i'Pure iodine is not influenced chemically by the impondemblea 
fi^qposure to the direct solar rays, or to strong shocks of electricity^ 
does not change its nature. It may be passed through red-hot 
tube% or over intensely ignited charcoal, without any appearance of 
dieeomposition ; nor is it afiected by the agency of galvanism-. 
Chemists, indeed, are unable to resolve it into more simple parts^ 
fflid?consequently it is regarded as an elementary principle. 
i< 'The violet hue of the vapour of iodine is for many purposes a 
auffioiently sure indication of its presence. A fer more delicat^ 
iasdy iiowever, was discovered by Colin and Gaultier de Claubry. 
•IFliey found that iodine has the property of uniting with starchy 
tad >of forming with it a compound insoluble in cold water, which is 
Ivcognised with certainty by its deep blue colour. This test, ae«- 
doftdiug to Stromeyer, is so delicate, that a liquid containirfg 
l.-^i450,0G0th8 of its weight of iodine receives a blue tinge 'from a 
solution of starch. Two precautions should be observed to insure 
success. In the first place, the iodine must be in a free state ; fisr 
it'ls the iodine itself only, and not its compounds, which unites 
mtk ' jBtiarch. Secondly, the solution should be quite cold at the 
tuiiie».cif 'adding /the. fitarch ; for hot water dissolves the blue cbm- 
pound, and forms a colourless solution. 
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Benelius detemined 4lie eq!ii|i<YBl^t of iodine 'by »^p<islngfofied 
iodide of rilvei to a ctmreni of cUoiitfe gaa»iwli«ijeby^llie iodiuieKwas 
expelled and chkmde of ailva generatod, TluxHigk tjie ikAokm tomh 
position of chloride of ^ver lie in&cred tliat /oftbeiiodidejiimd 
thence found the eq. of iodine. .. It is 12$'8>; eq. »^' ocdOp^ 

The composition of the compounds of ; iodine idescribedftin^his 
section is as follows : — v<ih/}[ — .\o/\ 

Iodine. ) JicffHWiitFtomibkj 

Hydriodic Acid 126-3 1 eq.+l 1 eq. hydrogen = 1^^7-3 y Jfr^I Of^^, 

?ltAdd'"1 Coa.po.iUon unknown. .,, , I „:,i,' L 

Iodic Acid 126*3 1 eq.+ 40 5 eq. oxygen =:166-3. I+50L, 

Periodic Acid 126-3 1 eq.+ 66 7 eq. do. — I82^i I-fTO' 
Protochloride of Iodine 126*3 1 eq.-f 35«42 1 eq. chlonne, :;:^1 61^7^4 I fhChv 

Terchloride do. 126*3 1 eq.-|-!06*26 3 eq. do. =232*56. I-f 3Ci. 

Perchioride do. Composition doubtful. 

Protiodide of Phos. 126*3 1 eq.+ 15*7 1 eq. phosphs. =il420. P-fJi 

Sesquiodide do. 378*9 3 eq.-j- 31«4 2 eq. do. =410*3. 2P+3L 

Penodide do. 631*6 6 eq.H- 81-4 2 eq. do. r:««2*9.' 2P+5l[ 

Iodide of Sulphur Composition unknown. 

Iodide of Carbon Composition unknown. 

Periodide of Carbon Composition unknown. ' 

Teriodide of Nitrogen 378*9 3 eq.+ 14-15 1 eq. nitrogen =393*05 N+ijI^ 

Hydriodic Acid — Prep. — This compound isformedbj the direct 
nnion of its elements, when a mixture of hydrogen gas aad iodine 
vapour are transmitted through a porcelain tube at a red heat.' A 
more convenient process, and by which it is obtained in a pure «tate, 
is by the action of water on the periodide of phosphorus. Any con- 
venient quantity of the iodide is put into a small glass ' retott, 
together with a little water, and a gentle heat is applied. Mutual 
decomposition ensues; the oxygen of the water unites with piioi^ 
phorus, and its hydrogen with iodine, giving rise to the formation 
of phosphoric and hydriodic acids, the latter of which passes over in 
the form of a colourless gas. The preparation of the iodide re- 
quires care ; since phosphorus and iodine act so energetically on 
each other by mere contact, that the phosphorus is generally in- 
flamed, and a great part of the iodine expelled in the form of 
vapour. This inconvenience is avoided by putting the phosphbriis 
into a tube sealed at one end, about twelve inches long, displacing 
the air by a current of dry carbonic acid gas, then gradually adding 
thfe iodine, and promoting the action towards the close by a gentle 
heat. The materials should be well dried with bibulous paper, and 
the iodide preserved in a well-stopped dry vessel ; for even atmo- 
spheric humidity gives rise to copious white fumes of hydriodic 
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iuadi * fWbG propbritohs usually' employed ar^ one pari of pkospborus 
rio 8boiivi>tw^)ye<iof kidine; . i\motk€9r>proces8 has been recommended 
by Fjd^AiK^et^ wihkh'cdnsists in evaporating hypopkosphorous add 
inntil lib 'begins t6' yield phosphuretted hydrogen, mixing it with an 
ek^il :v^i^ht of iodine, and applying a gentle heat. Hydriodic 
acid gas of great purity is then rapidly disengaged ; its production 
dipen<fiDg^^a8 In the former process, on the decomposition of water. 

Prop. — Hydriodic acid gas has a very sour taste, reddens vege- 
table blue colours without destroying them, produces dense white 
mtn^ wiieti mixed with atmospheric air, and has an odour similar 
to that of hydrochloric acid gas. The salts which it forms with 
alt:^re^ are called hydriodaten. Like hydrochloric acid gas, it 
caniK^ be collected over water ; for that liquid dissolves it in large 
quantity. 

It is decomposed by several substances which have a strong 
affinity for either of its elements. Thus oxygen gas, when heated 
with it, unites with its hydrogen, and liberates the iodine. Chlo- 
rine effects the decomposition instantly ; hydrochloric acid gas is 
produced, and the iodine appears in the form of vapour. With 
strong nitrous acid it takes fire, and the vapour of iodine is set free. 
It is also decomposed by mercury. The decomposition begins as 
i&oon as hydriodic acid gas comes in contact with mercury, and pro- 
ceeds steadily, and even quickly if the gas is agitated, till nothing 
bat hydrogen remains. Gay-Lussac ascertained by this method 
Ibat 100 measures of hydriodic acid gas contain precisely half their 
'Toluibe of hydrogen. Assuming it to consist of equal volumes of 
^lydfogen gas and iodine vapour united without any condensation, 

itheuy since 

.fi r . . . 

Grains. 
'^ 50 cubic inches of the vapour of iodine weigh • 134*92 

50 do. hydrogen gas . • • 10684 

' ■ 100 cubic inches of hydriodic acid gas should weigh . 135*9684« 

I. 

Xhese numbers are obviously in the ratio of 1 to 1S6*3, the eq. 
>of iodine and hydrogen. On the same principles the density of 
the gas should be 4'3850, which is probably more correct than 
.4*448, a number found experimentally by Gay-Lussac (An* de Ch. 
:xci. 16). From these coincidences there is no doubt that 100 
measures of hydriodic acid gas contain 50 measures of Jbydrogen gas 
«iid 60 of the vapour of iodine. 



y/^UU fumes w,-eflp>9SjH9^i;(^^hftjW^ %idi to9i»ffpo0h^>qfdttS)Ifi ^11 

fpid gojs througli wiitei: m If }iip^;j#^ 

^;he. iodine, from hayip® a gjre|j^r,aflNt31t3wd9il^wii^ hydi»8 
gen, decomposes the Iiydrosulplmric add ; and lien^jfiii^J^Mp^ft Ml 
^e^ aiid JbydriodiiQ aoidpiTodiaGfidi^ . As;«QQA^'\|)ie- |ilto(4i^ 

appeared and become colourless, it is iheatod &)i,^ fii^^fid^mih iSiJ&k 
pel the exceas of hydiosulphuric acid, and ^ubsei%ttfiMl}^rflftl^te($bcte 
separate free sulphur. .. > ojiri JH^i/oid ei 

( The solution is readily decomposed. On expomiTQ Sinnng a^Jkw, 
hours to the atmosphere, the oxygen of the air fimn&h jfat^r^lfitib^tiib 
hydrogen of the acid, and sets iodine free. The solutiiop fe^)faiii6d> 
ip I^ye acquired a yellow tint frcon the presence^ of .UBjcoanUndd 
iodines and a blue colour is occasioned by the additioDb'of ^itarqh/ 
Nitric and sulphuric acid likewise decompose it by i yieldingio^iyrl 
geUi the former being at the same time converted into nUti^u%«Bd 
tjie latter into sulphurous acid. Chlorine unites. directly iivith'.lhi^ 
hydrogen of the hydriodic acid, and hydrochloric acidii^rtfaBiliedi^ 
"^he separation of iodine in all these cases may be puoy^in^tthe 
yay just mentioned. These circumstances afford aisur^^esi aftikei 
presence of hydriodic acid, whether free, or inlcombiimtiMixwitU 
alkalies. All that is necessary, is to mix a cold solution! .of islaiich) 
with the liquid, previously concentrated by evaporation if^neoesaarjl^ 
qjid then add a few drops of strong sulphuric acid^. AbUiQjeplouD 
will make its appearance if hydriodic acid is present. . • .j!:iiqio')iq 
^ Its eq. is 127*3 ; eq. vol. = 200; symb. Hh- I,x)r-'HIvoul»o"iq 
Oxide of Iodine and lodous Acid.^^On mixing thewv^potniioS 
ipdinc and oxygen gas considerably heated, the violent tinjtio£,t4fe 
former disappears, and a yellow matter of the consiste&qe i^lsdlidi 
oi^ ie gei^qrated, which Sementini regards as oxide of iodiog)^ audpf: 
the supply of oxygen be kept up after its formation, it iai^oay^iied) 
into a yellow liquid, which he supposes to be iodous!a«id4Hr.«Fwtoi/ 
t}ie mode in which the process is described, there can ;$<»n3fly')lfe(aj 
doubt thjit some compound of iodine and oxygen i^ »th»3 fwnofedtj) 
but its composition and properties have not been satisfeetoirilyjlisua^e! 
out. (Quarterly Joum. of Science, N. S. i. 478.) ; jQn dia^okingt 
iod,ine in a ra^er dilute solution of soda^ until the iso]uj^iQ]ii,b$gftn • 
to. ^9^uire ^ j;ed (.jnt, pprmanent crysta)^.^e.9blai|]^dbjisi^iatifit.. 



<^i{^>&te(^D{£|h &i-Mm ^^i^;^^mm^hi8f^t m cold wateif 
irfJbiP9i:rf'>i^«D^^(t^tf<bf tfi^'li^t^ i»^(j^> ll[H>d^raiel7 heated; of 
Vf al&'tikApamemy^rm M6 id&ie^bf^^o^^itiMd iodide of sodititb. 
e^lMllAdililA ^ dfiUSt^, 4olliibWi«M i^ib'acid Vei^ set at libettyi 
ifilfas94i#«edirMii^l4itii%«rfi^^^^ be iodit^ 6f 

80dii>:il ii(JL«f<&|^)GbJi«i;P!r;i3^kx:84.) Thty are more probably 

fciliy^fi^i^idSt^noii .'Ml.. . ..:j. •■■';. ' ■ -. 

•^likMi ^AiMi-^-^^Hiia.'and Prep.--^T\ns acid ^?raisr discovered at 
alH)iiDi^<9<dai»e<itim0 by Oay^^Lassac and Davy; but the latter fitiii; 
iSllcxiMMtfiil !#bl«ming it in a state of perfect pnrity. When ibdiiK^ 
is brought into contact with the euchlorine of Davy, hnmediatb 
aietlo& UMiiKicJs ;* the chlorine unites with one portion of iodine;' knd 
dtb (Hygent with another, forming two compounds, a voktile oran'gfe- 
dcukmed ^natt^r, chloride of iodine, and a white solid substance,' 
"Mtvoh^iM wdio acid. On applying heat, the former passes off in 
vitpmns and the latter remains (Phil. Trans, for 1815). SefulW 
has obtained it, in the form of hexagonal laminse, by evaporating in 
il'Waian plaiee its solution either in water, or in sulphuric or nitric 
acidsj >' The method which he found most convenient is by forming 
absolution of iodate of soda in a considerable excess of sulphuric 
acid, keeping it at a boiling temperature for twelve or fifteeil 
minutes, airi then setting it aside to crystallize (Ann. de Ch. et 
Pbv^xliii. -816). Iodic acid may also be formed by dissolving per-^ 
chhnide ofiodine in water, and gradually adding a large quantity 
of strong snlphiiric acid, a rise of temperature being at the same 
time* previen ted by the application of cold. Iodic acid will then be 
precipitated. The action of strong alcohol on moist perchloride 
produced Hhe same result : water and the perchloride decomposed, 
ibid hydrochloric and iodic acids formed. The latter is left un^is- 
soived by the alcohol. Another process, suggested by Mr. Connell 
df Edinburgh, is by boiling iodine in nitric acid. For this purpose 
alpoie acid of density 1*5 should be introduced with about a fifth 
df itS'Weight of iodine into a tube sealed at one end, about an inch 
wide (and 15 inches long, and these materials be kept at a boiling 
temperature for at least twelve hours. As the iodine rises and 
coidenscb on the sides of the tube, it should be restored to the 
liquid, either by agitation or by help of a glass rod. As soon as 
the iodine disappears, the nitric acid is dissipated by cautious 
evaporation. ' It is also obtained, as remarked by Balard, by the 
oxidiniiig! effect' of hypochlorous acid on iodine ; the latter unites 
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with the oxygen of the acid, and the chlerhie escapes' lA tjsdlgasedus 

state. :.!'••- ' >u\)m'-^-t i f\ h'l-. ^iiil 

Prop.-— This compoaiid, which was termedtojctWtite'b^'Ds?]!,*^ 
anhydrous iodic acid. It is a white setmitumspateitt* aolid^^wlnih 
has a strong astringent soar taste, but nojodomrwK ijts tspjgpjiisiciinh 
siderable, as it sinks rapidly in* siilj^ric adid« WhJanitfaeatedjtb 
the temperatnre of about 500^ F. it is fused, and at> the sahie>iSaBe 
resolved into oxygen and iodine. In a dry air it ds imchangied)^! fault 
in a moist atmosphere it absorbs homidity, fonning ^10 hydbitd 
acid, and eventually deliquesces. In water it is Tei^ solubrlfe^ and 
the solution has a distinct acid reaction: the bleadiin^ pdwsr 
ascribed to it by Davy is said by Hiley not to be apropertjof pure 
iodic acid. (Lancet for July 1833.) On evaporating the solittidn, 
a thick mass of the consistence of paste is left, which ie hydrous 
iodic acid ; and which, by the cautious application of heat,: may he 
rendered anhydrous. It acts powerfully on inflammable substances. 
With charcoal, sulphur, sugar, and similar combustibles, it forms 
mixtures which detonate when heated. It enters into combination 
with metallic oxides, and the resulting salts are called iodatta. 
These compounds, like the chlorates, yield pure oxygen by heat, 
and deflagrate when thrown on burning charcoal. 

Iodic acid forms with the pure alkalies salts which are soluble in 
water ; but with lime, baryta, strontia, and the oxides of lead and 
silver, it yields compounds of very sparing solubility. It is readily 
detected by the facility with which it is deoxidized, an eflTect readily 
produced by the sulphurous, phosphorous, hydriodic, and hydro- 
sulphuric acids. Iodine in each case is set at liberty, and may be 
detected as usual by starch. Hydrochloric and iodic acids decom- 
pose each other, water and chloride of iodine being generated. 

Davy ascertained the composition of iodic acid by determining 
the quantity of oxygen which the acid loses when decomposed by 
heat ; Gay-Lussac arrived at the same result by heating iodate of 
potassa, when pure oxygen was given and iodide of potassium re* 

• • • 

mained. Its eq. is 166*3 ; symb. I +60, I, or IO5. 

Periodic Acid.^^Hist. and Prep. — This compound has been 
lately discovered by Ammermiiller and Magnus. (Pogg. Anna- 
len, xxviii. 514.) When pure soda is mixed with a solution of 
iodate of soda, and chlorine gas is transmitted into it to saturation, 
a sparingly soluble white pulverulent saU is generated, wludLslab^ 
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€ndes» aflteirv l^aiipgi^ and if necessary, concentrating the solution. 
This salt is a periodate of soda, the production of which appears to 
^ependloD'the fonnai/ion of chloride of sodium, and the union of 
<ihi^ oxygeft^ of the soda with the iodine of the iodic acid. For each 
-eqoivahmt .of periodic acid, 2 eqs. of chloride of sodium should 
•belgidneikted i ^since the materials I + 60, % (Na + O), 2 CI, just 
jrafficeifor yielding I 4- 70, and 2 (Na + CI). On dissolving the 
jperiodat^ of soda in dilute nitric acid, and adding nitrate of oxide 
lof silver, the periodate of this oxide of a greenish-yellow colour 
imbsides, which should be washed with water acidulated with nitric 
iecid* This yellow salt is soluble in hot dilute nitric acid, and 
separates again on cooling in small shining straw-yellow crystals, 
whidi by digestion with warm water acquire, without dissolving, a 
lieddish-brown almost black colour. If the nitric acid solution of 
Ike ydlow salt is so far concentrated by evaporation that it crystal- 
lizes while still warm, orange-coloured crystals subside. These 
three salts are readily analyzed by exposure to a red heat in a glass 
tube, when iodine and metallic silver remain in the tube, and oxy- 
gen gas along with water, when water is present, is expelled. Their 
composition is as follows : — 

Oxide of Silver. Periodic Acid, Water, Formuls. 

Yellow SaU 232 2 eq. 182-3 1 eq. 27 3 eq. (AgO)g I0,-h3Aq. 

Red Salt 232 2 eq. 182*3 1 eq. 18 2 eq. (AgO)^ 10^+2 Aq. 

' Orange Salt 116 1 eq. 182-3 1 eq. AgO, 10,. 

The two former are therefore hydrated subperiodates of oxide of 
silver, and the latter a neutral periodate. This neutral salt has 
the peculiarity, that by pure cold water it is converted into the 
yellow subsalt, while the water takes up exactly half of its acid 
without a trace of silver. By this means a pure solution of periodic 
acid may be obtained. 

Prop. — Periodic acid is analogous in composition to perchloric 
acid, and has decided acid properties. Its solution may be boiled 
without decomposition, and on evaporation the acid yields crystals, 
which do not change by exposure to the air. By hydrochloric acid 
it is reduced to iodic acid with disengagement of chlorine, and the 
sam.e change will of course be produced by substances which decom- 
pose iodic acid. When the heat is increased beyond 212% (the 
precise point is not stated,) periodic acid loses oxygen, and iodic 
acid remains. Thus is periodic more easy of decomposition than 

' • • • ■ , 

• • • • 

iodic add. Its eq. is 182-8 ; symb. I 4- 70^ I, or 10^. ; . 
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p^ralures by dry iodine l^ith'Mevokrtkm'of kfeatv^&ttwl|«P<$olid' dcpa* 
{KHliid of iodine atld diIotifi!)fe' li^ttltey^iiwbldli''wfiBr<^ 
by Davy and 6ay^L\ti9to(«:^ ^^' colour ^bfitfii^Tj^i^^ 
yellow when tb^ ibdineifi A^y'Sfeitnftifted Hvilhidb'loifne, bii )9^f^ 
reddish-orange if iodine is in exee^s; ^It is eonvertcidi'sbpbttat^to 
sa orange coloured liquid, whicb yields a vapotrr efrtbe'same^iint 
on increase of temperature, it deliquesces in the '5]^il^*a&^daiii 
^ssolves freely in water. Its solution is colourless, vdryi sour to 
the taste, and reddens vegetable blue colours, Ymts^Sbetv^d^'i^ 
stroys tbem. From its acid properties Davy gave it the namebf 
eht6rtodic acid. Gay-Lussac, on the contrary, calls it cA/oirf&'f)/ 
iodine^ conceiving that the acidity of its solution arises froih thd 
presence of hydrochloric and iodic acids, which he sfupposes'toube 
generated by decomposition of water. From the observations of 
Serullas and Dumas it appears that there exist twa eomp0itndifi'<rf 
dilorine and iodine, by the different action of which on wdterlhe 
discordant opinions of Davy and Gay-Lussac may be explained.' 
>i This subject has lately been examined by Soubeiran. He biusr 
^stinguished a compound of three eq. of chlorine and one ^q^ 
(if iodine, but doubts the existence of the perchloride of iodine of 
Davy and Gay-Lussac (Journal de Pharmacie, Feb. 1837) • This 
compound and a protochloride appears, however, to have be^ pre- 
viously described by Kane (Phil. Mag. x. 430). The pri^to- 
chloride was obtained by passing a current of chlorine gas intO' 
water, in which iodine was diffused. A deep reddish yellow isolu*' 
tion is formed, which gives off fumes irritating to the eyes audi 
nose, has a peculiar smell of both its constituents, and first 'redd^8< 
and then bleaches litmus paper. The terchloride was obtained by 
repeatedly distilling the protochloride ; it may also be procured by^ 
adding to the protochloride a strong solution of corrosive sublimate,'^ 
which throws down iodine. The perchloride is supposed to t^odilLin 
& cq. of chlorine and 1 eq. of iodine, from giving rise,' when deboiEi^'> 
posed by water, to hydrochloric and iodic acids. * ' fi •r'JiKij] 

Teriodide of Nitrogen, — From the weak affinity that ^ ejSJstd^ 
between iodine and nitrogen, these substances cannot be niade idi 
unite directly. But when iodine is put into a solution of ammoiik, 
tie alkali is decomposed ; its elements unite with different portiifcs 
of iodine, and thus cause the formation of hydriodic a«id and i 
iodide of nitrbgen. ' The latter subsides in the forifi t^fiei ^trk^pow^v 



doiv^^^inekii^ cHaraicieDnfied) like quadtoodhloridd^of nitrogen, b}^ its 
caq[»los£T)9>piopi9i}ly. nil detona^ viol^tly aft Eioon ?$a it ift dried. ^ 
ifiidsHglii-pBesBupey^ while mcisty prodooes a similar efiecL -Hea^ 
and light areeifiitted diiring the explbsion^ aad iodine and nitr<)geii 
ard'js^ free. . . According to the ezperiments of M. Colin, iodide of 
oitrog^GtiConsifita o£ one eq. of nitrogen and three of iodine. 
ji:lt isieosiTemently made, according to SeruUas, by saturating 
Idcohol: of 0'85S with iodine, adding a large quantity of pure aio* 
monia, and agitating the mixture. On dilutmg with water, tm- 
odidctof nitrogen subsides, which should be washed by repeated 
iffoaion of i water and decantation. As thus prepared it is very 
^nely divided, and may be pressed under water without detonating; 
but if^ subsequently to its formation, it is put in contact with pujce 
ammonia^ it will afterwards detonate with the same &ci]ity as ihaJ^ 
jprepared in the usual manner. Water and teriodide of nitrogea 
idutually decompose each other, giving rise to the formation of 
hydriodic and iodic acids and ammonia. The change takes places 
slowly in cold water ; but it is completed in a few minutes^ and 
with siearcely any disengagement of nitrogen, when gentle heat is 
applied. When a little nitric or sulphuric acid is used, ammonia 
and iodic acid are alone produced. (An. de Ch. et Ph. xlii. 201.) 

Its eq. 393*06 ; Symb. N + 31, or Nig. 

Iodides of Phosphorus. — Iodine and phosphorus combine readily 
in the cold, evolving so much heat as to kindle the phosphorus, if 
the experiment is made in the open air; but in close vessels no 
light appears. One of these compounds, apparently a protiodide^ is 
formed of one part of phosphorus and 7 or 8 parts of iodine* It; 
has an orange colour, fuses at 212^, sublimes unchanged by boat, 
and is decomposed by water, with the elements of which it-gifeft 
rise ito hydriodic and phosphorous acids, while phosphorus is ^^t, 
free. Its eq. is 142*0 ; symb. P -f I, or PI. .i.m, 

The sesquiodide is formed by the action of 1 part of phospho}!via/ 
aad 12 of iodine. It appears as a dark grey crystalline: mfVip« 
fusible at 84^, and yields with water hydriodic and phosphoeou^l 
aeids, fiom which circumstance its elements are supposed to ba in 
the ratio of 2 eq. of phosphorus to 3 eq. of iodine. 
. Jts eq. is 410-8 ; symb. 2P -f 81, or Pj Ig. 

The iperiodide is prepared with 1 part of phosphorus and SO ^f 
iodine, and is a black compound, fusible at 11 4^ As by the aqtjjo^. 
of Jirateiiit.yields hydriodic and phosphoric acida onlyi>ti§ji^f«p:§flitp, 
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contain phosphoitis and lodme m the tatfe of S'^. tti'S eq[J lTi\ii 

■ . ' • •■ J-. It;' \. Ill h.L; ,!.;,'' 

1 eq. Periodide Phos. & 5 eq. water S 1 eq. Phos. Acid & 5 eq.Hydriodic Acid 
2P+5I 6(H+0) 't 2P+5CI" -^ 5(^^iij''J> ^1* 

Its eq. 18 662-9 ; symb. 2P + 51', or ?, ]^^ ; , , , ,' .,,.^ 3, , 

Iodide of Sulphur. > — This compound is fprmed^^bjr, li^^j?Jg 
gently 4 parts of iodine with 1 of sulphur. The piiodujft |fa^.j j^ 
dark colour and radiated appearance^ like antimony. Its ejemei^ts 
are easily disunited by heat. 

Periodide of Carbon. — When a solution of pure, ppt^^ ,i^ 
alcohol is mixed with an alcoholic solution of iodine, ^ ^ portiom of 
alcohol is decomposed ; and its hydrogen and carbon., . un^Ji^^g 
separately with iodine, give rise to periodide of carbon and hjdiHo- 
dic acid. The latter combines with the potassa, and remaii^s in 
solution. The former has a yellow colour like sulphur, and jfbuiis^ 
scaly crystals of a pearly lustre ; its taste is very sweet, and it has 
a strong aromatic odour resembling saffron. It was discovered, by 
SeruUas, and described by him as a hydrocarburet of iodine ; buit 
its real nature was pointed out by Mitscherlich (An. de Ch, et 
Ph. xxxvii. 86). . ,. i 

The protiodide is formed by distilling a mixture of the preceding 
compound with corrosive sublimate. It is a liquid of a sweet ta^te, 
and has a penetrating ethereal odour. ^ , 

SECTION XIV. 

t I 
f 

BROMINE. 

Bromine was discovered in 1826 by Balard of Montpellier. 
The name originally applied to it was muride^ but the term hronie 
or bromine^ from ^^cjfijog graveolentia^ signif)ring a strong or rank 
odour, has since been substituted (An. of Phil, xviii. 881). 

Bromine in its chemical relations bears a close analogy to chlo- 
rine and iodine, and has hitherto been always found in rikiixi^ 
associated with the former, and sometimes also with the latter.' 'It 
exists in sea-water in the form of bromide of sodium oif ma^esiulm. 
Its relative quantity, however, is very minute ; and even tfie lin- 
crystallizable residue called bittern^ left after chloride of sodium 
has been separated from sea-water by crystallization, contains it in 
small proportion. It may apparently be regarded as an essential 
ingredient of the saline matter of the ocean ; for it hia^'been de- 
tected in the waters of the Mediterranean, Baltic, North Sea^ and 
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Fijith of Forth* It has also been found in the waters of the Dead 
Sea, and in a variety of salt springs in Germany. Daubcny has 
detected it .in several mineral springs in England, and states that 
it is rarely wanting in those springs which contain much common 
salt, except that of Droitwich' in Worcestershire. Balard found 
tbat it exists in' inarine plants growing on the shores of the Medi- 
terriinein, arid has procured it in appreciable quantity from the 
ashes of sea- weeds that furnish iodine. He has likewise detected 
its presence in the ashes of some animals, especially in those of the 
Jfatilhina molacea^ one of the testaceous mollusca. 

Prep. — Bromine is usually extracted from bittern, and its mode 
of preparation is founded on the property which chlorine possesses 
of decomposing hydrobromic acid, uniting with its hydrogen, and 
sfetting bromine at liberty. Accordingly, on adding chloride to 
bittern, the free bromine immediately communicates an orange- 
yellow tint to the liquid ; and on heating the solution to its boiling 
i[k)int, the red vapours of bromine are expelled, and may be con- 
densed by being conducted into a tube surrounded with ice. It was 
this fchange of colour produced by chlorine that led to the discovery 
of bromine. The method recommended by Balard for procuring 
this substance, as well as for detecting the presence of hydrobromic 
acid, is to transmit a current of chlorine gas through bittern, and 
then to agitate a portion of sulphuric ether with the liquid. The 
ether dissolves the whole of the bromine, from which it receives a 
beautiful hyacinth-red tint, and on standing it rises to the surface. 
When the ethereal solution is agitated with caustic potassa, its 
colour entirely disappears, owing to the formation of bromide of 
potassium and bromate of potassa, the former of which is obtained 
in cubic crystals by evaporation. The bromine may then be set 
free by means of chlorine, or still better by sulphuric acid and the 
peroxide of manganese. The process should be conducted in a 
retort, the beak dipping into cold water, which collects the bromine 
driven over by heat. Balard has subsequently improved the pro* 
ce0S so much, that it is now produced in considerable quantity, and 
gold in Paris as an article of commerce. 

Prop, — At common temperatures bromine is a liquid, the colour 
of which is blackish-red when viewed in mass and by reflected light, 
but appears hyacinth-red when a thin stratum is interposed between 
the light and the observer. Its odour, which somewhat resembles 
that of chlorine, is very disagreeable, and its taste powerful. Jts 
sp. gr, lis about 8. By a temperature between zero and — 4*^ it is 
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congealed, and in tliat state is briltle. Ito nJaitflity is 
able ; for at common temp^iiliUM iH emte minrnkmrni 
which are vary similar in appeanaee to tkaar #f aiiimi ioA^ md 
at 116-5'' it enteis into ebdlitioii. The wjf. gt.Ui 

found by Mitscherlich to be 5*54, and tha w 
(p. 281) ftom its equivalent is 6-898: 10» etim 
and 80 inches B. should weigh 167*25 gnmu II iir n 
conductor of electricity, and undergoes no cbenkttl' chaaga 
ever from the agency of the imponderables. It may be 
through a red-hot glass tube, and be exposed to the 
vanism, without evincing the least trace of decomposkicft* Ub 
oxygen, chlorine, and iodine, it is a negative electric. It ia jmMIi 
in water, alcohol, and ether, the latter being its best soifmrt. Il 
does not redden litmus paper, but bleaches it rapidly like chi m ia t ; 
and it likewise discharges the blue colour from a solution of mdiga^ 
Its vapour extinguishes a lighted taper ; but before going oat, it 
bums for a few seconds with a flame which is green at its base aad 
red at its upper part. Some inflammable substances take fire by 
contact with bromine, in the same manner as when introduced iato 
an atmosphere of chlorine. It acts with energy on organic matlefs^ 
such as wood or cork, and corrodes the animal texture ; but if ap- 
plied to the skin for a short time only, it communicates a yellow 
stain, which is less intense than that produced by iodine, and soon 
disappears. To animal life it is highly destructive, one drop of it 
placed on the beak of a bird having proved fatal. 

From the close resemblance observable between chlorine and 
bromine, Balard was of course led to examine its relations with 
hydrogen, and found that these substances may readily be made to 
unite ; the product of the combination being a gas very similar to 
hydrochloric and hydriodic acid gases, whence it has received iht 
name of hydrobromic acid gas. In its action on metals, also, 
bromine presents the closest similarity to that which chlorine exeiti 
on the same substances. Antimony and tin take fire by conlaoi 
with bromine ; and its union with potassium is attended widi such 
intense heat as to cause a vivid flash of light, and often to burst 
the vessel in which the experiment is performed. Its affinity for 
pietallic oxides is feeble. By the action of alkalies it is resolved 
into hydrobromic and bromic acids, suffering the same kind of 
change as chlorine or iodine when similarly treated. 

According to all the experiments hitherto made, bromine ap- 



BMiiff M;' 369 

pailMOt'ke "i^rf Hicfft fttt. It 18*80 very nimikr in most aspects to 
i i l llui^ k w tiiMht ^'^miJ^'ift^ the'-oydcf 'off ito chemicsll relations is so 
hNKiiaMyc iM fi milfe <iiat»yb»tir<tea th^m, that Belaid at first supposed 

^ttBttoo^m 'Compound of these snibstances. There 
H;' to be no good ground for the supposition ; but^ 
HiR tte iuuii>riiy|i«n experiment performed by De la Rive affords 
fanmjwtmvii^ argfunent against it. He finds that when a com- 
piMW«if teomifiB and iodine is mixed with starch, and exposed to 
ihastBl«aBce' of galvanism, bromine appears at the + and iodine at 
tlfi iwwi—, /where the starch acquires a blue tint. On making the 
«B^pdrinient with bromine containing a little bromide of iodine, the 
aMoappeamnce ensues ; but if iodine is not previously added, the 
cArch::do€8 not receive a tint of blue. 

. ^Aoiimie is in most ca^es easily detected by means of chlorine ; 
for das substance displaces bromine from its combination with 
bydnogen, metals, and most other bodies. The appearance of its 
illi|M>ui:«r the colour of its solution in ether will then render its 
ppdsente obvious. Like chlorine, it forms a crystalline hydrate 
yfkw 'exposed to 32^ F. in contact with water. The crystals are 
qatokedml, of a beautiful red tint, and sufier decomposition at 54^ 
(I^wig.) 

t/B^raelius determined the equivalent of bromine in the same way 
aa.that of iodine, namely, by heating a known weight of bromide of 
s^var. in a current of chlorine gas, so as to displace the bromine 
and obtain chloride of silver. :i 

^>l4seq.i8 78*4; eq. vol. = 100; symb Br. 

t The compounds of bromine described in this section arc as.* 
foUo^a i^^ 

Bromine. Equiv. Formulae. 

Hyirottromic Acid . 78-4 1 eq.+Hydrogen 1 1 eq.= 79-4. H+Br. 
BM^CiActd . . 78*4 1 eq.+Oxygen 40 5eq.=:118*4. Br+50. 
Cblo^de of Bromine Composition uncertain. 
Brolttldes bi Iodine Composition uncertain. 
Bqpw40 of Sulphur Composition uncertain. 

Prdtobromidec^Phosp. 78*4 1 eq.-fphosph. 15-7 1 eq.= 94-1. P-fBr. 
PMMftideofPhoBp. 392 5eq.+ do. 31*4 2eq.=:423*4. 2P+5Br. 
Bifini4B pf Qaibon Composition uncertain. 
TerWomideo^ Silicon 235-2 3 eq.+ Silicon 22*5 1 eq.=257-7. Si-f3Br. 

. J^jfAT^obrmdc Acid, — Prep, — No chemical action takes place' 
b^F.aen the vapour of bromine and hydrogen gas at common tern-, 
pcfifitures, not even by the agency of the direct solar rays ; but on. 
introducing a lighted candle, or a piece of red-hot iron, into the 
mixturOf combination ensues in the vicinity of the heated body, 

2 B 
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though without extending to the whole mixture, and without explo- 
sion. The combination is readily effected by the action of Inroinine 
on some of the gaseous compounds of hydrogen. Thus^ on mixii^ 
the vapour of bromine with hydriodic acid, hydioenlpiburic add, or 
phosphuretted hydrogen gases, decompositkn ensues, and hydxo- 
bromic acid gas is generated. It may be convenimtly made far 
expmmental purposes by a process similar to that f<Nr formii^ 
hydriodic acid. A mixture of bromine and phosphorus, slightly 
moistened, yields, by the aid of gentle heat, a large quantity of 
pure hydrobromic acid gas, which should be collected either in dry 
glass bottles, or over mercury. 

Prop. — It is a colourless gas, has an acid taste, and pungent 
odour. It irritates the glottis powerfully, so as to excite cougk, 
and when mixed with moist air, yields white vapours, which are 
denser than those occasioned under the same circumstances by 
hydrochloric acid gas. It undergoes no decomposition when tcans- 
mitted through a red-hot tube, either alone, or mixed with oxyg^o. 
It is not affected by iodine ; but chlorine decomposes it instantly, 
with production of hydrochloric acid gas, and deposition of bromine. 
It may be preserved without change over mercury ; but potassium 
and tin decompose it with facility, the former at common temp^n- 
tures, and the latter by the aid of heat. It is very soluble in 
water. The aqueous solution may be made by treating bromine 
with hydrosulphuric acid dissolved in water, or still better, by 
transmitting a current of hydrobromic acid gas into pore water. 
The liquid becomes hot during the condensation, acquires great 
density, increases in volume, and emits white fumes when exposed 
to the air. This acid solution is colourless when pure, but pos- 
sesses the property of dissolving a large quantity of bromine, and 
then receives the tint of that substance. 

Chlorine decomposes the solution of hydrobromic acid in an 
instant. Nitric acid likewise acts upon it, though less suddenly, 
occasioning the disengagement of bromine, and probably the form- 
ation of water and nitrous acid. Nitro-hydrobromic acid is analo- 
gous to aqiM regia^ and possesses the property of dissolving gold. 
The elements of sulphuric and hydrobromic acids react on each 
other in a slight degree ; and hence, on decomposing bromide of 
potassium by sulphuric acid, the hydrobromic is generally mixed 
with a little sulphurous acid gas. 

The composition of hydrobromic acid gas is easily inferred from 
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the two followfng facts. 1. On decomposing hydrobromic acid gas 
by potassium, a quantity of hydrogen remains, precisely equal to 
hdf the volume of the gas employed ; and, ^, when hydriodic acid 
gas is decomposed by bromine, the resulting hydrobromic acid 
occupies the very came space as the gas which is decomposed. 
Hence hydrobromic is analogous to hydriodic and hydrochloric acid 
gases, in containing equal measures of bromine vapour and hydrogen 
gas united without any change of volume ; and since 

Grains. 
50 cubic ioches of Bromiiie vapour weigh . • • 83-64 
50 do. Hydrogen gas 1*0684 

100 do* Hydrobromic acid must weigh • • 84*7084 

These numbers are in the ratio of 1 to 78*4, which is the compo- 
sition of the gas by weight. Its sp. gr. is 2'7S1. 

Since bromine decomposes hydriodic, and chlorine hydrobromic 
acid, bromine, in relation to hydrogen, is intermediate between 
chlorine and iodine ; for it has a stronger affinity for hydrogen than 
iodine, and a weaker than chlorine. The affinity of bromine and 
oxygen for hydrogen appears nearly similar ; for while oxygen can- 
not detach hydrogen from bromine, bromine does not decompose 
watery vapour. 

The salts of hydrobromic acid are termed hydrobromates. Like 
the free acid, they are decomposed, and the presence of bromine is 
detected, by means of chlorine. On mixing a soluble bromide with 
the nitrates of the protoxides of lead, silver, and mercury, white 
precipitates are obtained, which are very similar in appearance to 
the chlorides of those metals, but which are metallic bromides. On 
the addition of chlorine, the vapour of bromine is evolved. 

Its eq. is 79*4 ; eq. vol. z= 200 ; symb. H + Br, or H Br. 

Bromic Acid. — Prep, — The only compound yet known of bro- 
mine and oxygen is that formed by the action of bromine on potassa, 
when a change exactly similar to that produced by chlorine (page 
848) ensues, whereby bromide of potassium and bromate of potassa 
are generated ; and the latter, being much less soluble than the 
former, is readily separated by evaporation. The bromate of the 
other alkalies and alkaline eaiihs may be prepared in a similar 
manner. 

' The acid may be procured in a separate state by decomposing a 
dilute solution of bromate of baryta with sulphuric acid, so as to 
precipitate the whole of the baryta. The resulting solution of 

2b2 
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bromic acid may be concentrated by slow evaporation until it ac- 
qniie the consistence of syrup ; but on raising the temperature, in 
order to expel all the water, one part of the acid is volatilized, and 
the other resolved into oxygen and bromine. A similar result took 
place when the evaporation was conducted in vacuo with sulphunc 
acid; and accordingly all attempts to procure anhydrous bromic 
acid have hitherto failed. 

Prop. — Bromic acid has scarcely any odour, but its taste is very 
acid, though not at all corrosive. It reddens litmus paper power- 
fully at first, and soon after destroys its colour. It is not affected 
by nitric or sulphuric acids except when the latter is highly con- 
centrated, in which case bromine is set free, and effervescence, 
probably owing to the escape of oxygen gas, ensues. From the 
analysis of bromate of potassa, bromic acid is obviously similar in 
constitution to iodic, chloric, and nitric acids ; that is, it consists of 
one equivalent of bromine united with five of oxygen. Its salts are 
analogous to the chlorates and iodates. Thus bromate of potassa 
is converted by heat into bromide of potassium, with disengagement 
of pure oxygen gas, deflagrates like nitre when thrown on burning 
charcoal, and forms with sulphur a mixture which detonates by 
percussion. The acid of the bromates is decomposed by deoxidize 
ing agents, such as sulphurous and hydrosulphuric acids, in the 
same manner as the acid of the iodates. The bromates likewise 
suffer decomposition from the action of hydrobromic and hydro- 
chloric acids. 

Bromate of potassa is said not to precipitate the salts of lead, but 
to occasion a white precipitate with nitrate of silver, and a yellowish- 
white with protonitrate of mercury ; characters which, if true, serve 
as a good test to distinguish bromate from iodate and chlorate of 
potassa. 

Its eq. is 118'4 ; symb. Br + 50, Br, or BrOg. 
Chloride of Bromine. — This compound may be formed at com- 
mon temperatures by transmitting a current of chlorine through 
bromine, and condensing the disengaged vapours by means of a 
freezing mixture. The resulting chloride is a volatile fluid of a 
reddish-yellow colour, much less intense than that of bromine ; its 
odour is penetrating, and causes a discharge of tears from the eyes ; 
and its taste very disagreeable. Its vapour is a deep yellow, like 
chlorous acid, and it enables metals to bum as in an atmosphere of 
chlorine, doubtless giving rise to the formation of metallic chlorides 
and bromides. 
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Chloride of bromine is soluble in water without decomposition ; 
for the solution possesses the colour, odour, and bleaching proper* 
ties of the compound, and discharges the colour of litmus paper 
without previously reddening it. By the action of the alkalies it 
is decomposed, being converted, by means of the elements of water, 
into hydrochloric and bromic acids. 

Bromine of Iodine. — These substances act readily on each 
other, and appear capable of uniting in two proportions. The 
protobromide is a solid, convertible by heat into a reddish- 
brown vapour, which, in cooling, condenses into crystals of the 
same colour, and of a form resembling that of fern leaves. An 
additional quantity of bromine converts these crystals into a fluid, 
which in appearance is like a strong solution of iodine in hydriodic 
acid. This compound dissolves without decomposition in water, 
but with the alkalies yields hydrobromic and iodic acids. The ex- 
istence of two bromides of iodine can scarcely be regarded as satis- 
factorily established. 

Bromide of Sulphur, — On pouring bromine on sublimed sul- 
phur, combination ensues, and a fluid of an oily appearance and 
reddish tint is generated. In odour it somewhat resembles chlo- 
ride of sulphur, and like that compound emits white vapours when 
exposed to the air ; but its colour is deeper. It reddens litmus 
paper faintly when dry, but strongly if water is added. Cold 
water acts slowly upon bromide of sulphur; but at a boiling 
temperature the action is so violent that a slight detonation occurs, 
and three compounds, hydrobromic, hydrosulphuric, and sulphuric 
acids are formed. The formation of these substances is of course 
attributable to decomposition of water, and the union of its elements 
with bromine and sulphur. Bromide of sulphur is likewise de- 
composed by chlorine, which unites with sulphur, and displaces 
bromine. 

The composition of bromide of sulphur is imknown. It dissolves 
an excess both of chlorine and sulphur, and its elements separate 
from each other so readily, that it has hitherto been impracticable 
to procure a definite compound. 

Bromide of Phosphorus, — When bromine and phosphorus are 
brought into contact in a flask filled with carbonic acid gas, they 
act suddenly on each other with evolution of heat and light, and 
two compounds are generated : one, a crystalline solid, which is 
sublimed and collects in the upper part of the flask ; and the other, 
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a fluid, "vrhich remams at the bottom. The former' contains the 
most bromine, and the hitei is supposed by Balard to ooBsist of 
nngle equivalents of its elements* ' 

The protobromide retains its liquid form eren at 5^F« It is 
readily converted into vapour by heat, and on exposure to the aii 
emits penetrating fumes. It reddens litmus paper faintly, an effect 
which is probably owing to the presence of moisture. With water 
it acts energetically and with free disengagement of heat, hydro- 
bromic acid gas being evolved when only a few drops of water are 
employed ; but if a large quantity is used, the gas is dissolved, and 
the acid solution leaves by evaporation a residuum, which bums 
slightly when dried, and is converted into phosphoric acid* 

The perbromide is yellow in its solid state ; but with gentle heat 
it becomes a red-coloured liquid, which by increase of temperature 
is converted into a vapour of the same tint. On cooling after 
fusion it yields rhombic crystals ; but when its vapour is condensed, 
the crystals are acicular. It is decomposed by metals, probably 
with the formation of metallic bromides and phosphurets. It emits 
dense penetrating fumes on exposure to the air, and with water 
gives rise to the production of hydrobromic and phosphoric acids. 
Hence its elements should be in the ratio of 2 eqs. of phosphorus 
to 5 eqs. of bromine. 

Chlorine has a greater affinity for phosphorus than bromine, and 
decomposes both the bromides with evolution of the vapour of 
Inromine. These compounds are not decomposed by iodine ; but, 
on the contrary, bromine decomposes iodide of phosphorus. 

Bromide of CarAow.— This compound is formed by the action 
of bromine on half its weight of periodide of carbon, when bromide 
of carbon and a sub-bromide of iodine are formed, the latter of 
which is removed by a solution of caustic potassa. At common 
temperatures it is liquid, but crystallizes at 32° F. Its taste is 
sweet, and it has a penetrating ethereal odour. It resembles proti- 
odide of carbon in many respects, but is distinguished from it by 
the vapour which it emits on exposure to heat (SeruUas, An. de 
Ch. et Ph. xxxix. 225). 

Terbromide of Silicon, — This compound was made by Serullas 
in precisely the same mode as that described for forming the ter- 
chloride. When purified from free bromine by mercury, and re- 
distilled, it is a colourless liquid, which emits dense vapours in an 
open vessel, being decomposed by the moisture of the air, and is 
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denser tfaaBU strong sulphuric acid. At 302^ it enters into ebulli* 
lion, and freezes at 10"^. Potassium, when gently heated, acts on 
it with such energy that detonation ensues. By water it is resolved 
into hydrobromic and silicic acids. (Phil. Mag. and Annals^ xi, 
8»5.) Its eq. is 257-7 ; symb. Si + 3Br, or Si Br,. 

SECTION XV. 

FLUORINE. 

The substance to which this name is applied, though long 
known to exist in various compounds, has only recently been ob- 
tained in an insulated form, and therefore the properties peculiar 
to it in that state are but imperfectly known. It was first procured 
by Baudrimont by passing fluoride of boron over minium heated to 
redness, and receiving the gas in a dry vessel. As it is mixed with 
a laige quantity of oxygen, his present method is to treat a mixture 
of fluoride of lime and peroxide of manganese with strong sulphuric 
acid. This process, however, does not give a pure gas, as hydro- 
fluoric and fluosilicic acid gases are at the same time evolved The 
presence of the latter do not prevent the observation of some of the 
properties of fluorine. It is a gas of a yellowish-brown colour ; it* 
odour resembles chlorine and burnt sugar ; it bleaches. It does 
not act on glass, but combines directly with gold (Phil. Mag. x. 
149). The latter feet is confirmed by the observations of Messrs. 
Knox, who have succeeded so far in the preparation of fluorine as 
to leave no doubt of its existence as a coloured gas (Phil. Mag. x. 
107). Its sp. gr. is 1*289. From the nature of its compounds it 
appears to belong to the class of negative electrics, and, like oxygen 
and chlorine, to have a powerful affinity for hydrogen and metallic 
Substances. Berzelius determined its eq. by finding that 100 parts 
of pure fluoride of calcium yield with sulphuric acid 175 parts of 
sulphate of lime. Its eq. is 18*68 ; eq. vol. = 100 ; symb. F. 

The compounds of fluorine described in this section are the 
following : — 

Fluorine. Equiv. FurmirlaB. 

HydroBaoiic acid 1 8-68 1 eq.+ Hydrogen 1. 1 eq. = 19'68. H+F. 

Fluoboric acid 56*08 3 eq.+Boron 109 1 eq. = 66*98. £-f 3F, 

Fluosilicic acid 66-08 3 eq.+Silicon 22-5 1 eq. = 78-68. 

Hydrofluoric Acid. — Hist, and Prep. — ^This acid was first pro- 
cured in its pure state in the year 1810 by Gay-Lussac and 
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Thenaid, and described in the second volome of their Recherchn 
Phi/aico'Chinuques. It is prepared by acting on the min^ 
called fluorspar^ which is a fluoride of calcium, carefully separated 
from siliceous earth and reduced to fine powda*, ivith' twice its 
weight of concentrated sulphuric acid. The mixture is made in a 
leaden retort ; and on applying heat, an acid and highly conoBtve 
vapour distils over, which must be collected in a receive of the 
same metal surrounded with ice. As the materials swell up coit- 
siderably during the process, owing to a quantity of vapour forcifig 
its way through a viscid mass, the retort should be capacious. At 
the close of the operation pure hydrofluoric acid is found in the 
receiver, and the retort contains dry sulphate of lime. The chemi- 
cal changes are precisely the same as in the formation of hydro- 
chloric acid gas at page 334, fluorine being substituted for chlorine 
and calcium for sodium. If the oil of vitriol isof suflJcient strength, 
all its water is decomposed, and the resulting hydrofluoric acid is 
linhydrous. 

Prop, — It is at 32^ a colourless fluid, and remains in that state 
at 59"^ if preserved in well-stopped bottles ; but when exposed to 
the air, it flies off in dense white fumes, which consist of the acid 
vapour combined with the moisture of the atmosphere. Its sp. gr, 
is 1*0609 ; but its density may be increased to 1*26 by gradual 
additions of water. Its affinity for this liquid far exceeds that of 
the strongest sulphuric acid, and the combination is accompanied 
with a hissing noise, as when red-hot iron is quenched by immer- 
sion in water. 

Its vapour is much more pungent than chlorine or any of the irri- 
tating gases. Of all known substances, it is the most destructive to 
animal matter. When a drop of the concentrated acid of the size 
of a pin^s head comes in contact with the skin, instantaneous disor- 
ganization ensues, and deep ulceration of a malignant character is 
produced. On this account the greatest care is requisite in its pre- 
paration. It acts energetically on glass. The transparency of the 
glass is instantly destroyed, heat is evolved, and the acid boils, 
and in a short time entirely disappears. A colourless gas, com- 
monly known by the name o{ Jluo-siltcic acid gasy is the sole pro- 
duct. This compound is always formed when hydrc^uoric acid 
comes in contact with a siliceous substance. For this reason it 
cannot be preserved in glass ; but must be prepared and kept in 
metalic vessels. Those of lead, from their cheapness^ aye often 
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«sed ; but vessels of silver or platinnm are preferable. In con- 
sequence of its powerful affinity for siliceous matter, hydrofluoric 
acid may be employed for etching on glass ; and when used with 
this intention, it should be diluted with three or four times its 
weight of water. 

Hydrofluoric acid has all the usual characters of a powerful acid. 
li has a strong sour taste, reddens litmus paper, and neutralizes 
alkalies, either forming salts termed hydrojluates^ or most generally 
giTing rise to metallic fluorides. All these compounds are decom- 
posed by strong sulphuric acid with the aid of heat, and the hydro- 
flHoric acid while escaping may be detected by its action on glass. 

On some of the metals it acts violently, especially on the bases 
of the alkalies. Thus when potassium is brought in contact with 
the concentrated acid, an explosion attended with heat and light 
ensues ; hydrogen gas is disengaged, and a white compound, 
fluoride of potassium, is generated. It is a solvent for some ele- 
mentary principles which resist the action even of nitro-hydro- 
chloric acid. Thus it dissolves silicon, zirconium, and columbium, 
with evolution of hydrogen gas ; and when mixed with nitric acid, 
it proves a solvent for silicon which has been condensed by heat, 
and for titanium. Nitro-hydrofluoric acid, however, is incapable 
of dissolving gold and platinum. Several oxidized bodies, which are 
not attacked by sulphuric, nitric, or hydrochloric acid, are readily 
dissolved by hydrofluoric acid. As examples of this feet, several 
of the weaker acids, such as silica or silicic acid, titanic, columbic, 
molybdic, and tungstic acids may be enumerated. (Berzelius.) 
. A diflferent view of the compounds of fluorine was originally 
taken by Gay-Lussac and Thenard, and is still held by some 
chemists. They adopted the opinion that hydrofluoric acid is a 
compound of a certain inflammable principle and oxygen, and 
applied to it the name of fluoric acid^ previously introduced by 
Scheele. Fluor-spar on this view is a fluate of lime, and when this 
salt is decomposed by oil of vitriol, the fluoric is merely displaced 
by the sulphuric acid, and the former passes oflT combined with the 
water of the latter. What I have described as anhydrous hydro- 
fluoric acid is, according to this hypothesis, hydrated fluoric acid ; 
and when acted upon by potassium, this metal is oxidized at the 
expense of the water, and potassa thus generated unites with fluoric 
acid, forming, not fluoride of potassium, but fluate of potassa. 
The equivalent of fluoric acid, as inferred from the analysis of Ber- 



878 FtOORIN£« 

zeliusy 18 10*68; for 39*18 parts or one equivalent of fla<nS8par is 
supposed to contain ^*5 parts of lime (20*5 calcium and S oxy- 
gen), thus leaving 10*68 as the equivalent of the acid. 

The theory 9 according to which fluor-spar is a compound of 
fluorine and calcium, originated as a suggestion with M. Amp^of 
Paris, and was afterwards supported experimentally by Davy« It 
was found that pure hydrofluoric acid evinces no sign of containing 
either oxygen or water. Charcoal may be intensely heated in the 
vapour of the acid without the production of carbonic acid. When 
hydrofluoric acid was neutralized with dry ammoniacal gas, a white 
salt resulted, from which no water could be separated ; and on 
treating this salt with potassium, no evidence could be obtained of 
the presence of oxygen. On exposing the acid to the agency of 
galvanism, there was a disengagement at the negative pole of a 
small quantity of gas, which from its combustibility was inferred to 
be hydrogen ; while the platinum wire of the opposite side of the 
battery was rapidly corroded, and became covered with a chocolate 
coloured powder. Davy explained these phenomena by supposing 
that hydrofluoric acid was resolved into its elements ; and that 
fluorine, at the moment of arriving at the positive side of the bat- 
tery, entered into combination with the platinum wire which was 
employed as a conductor. Unfortunately, however, he did not 
succeed in obtaining fluorine in an insulated state. Indeed, from 
the noxious vapours that arose during the experiment, it was im- 
possible to watch its progress, and examine the different products 
with that precision which is essential to the success of minute 
chemical inquiries, and which Davy has so frequently displayed on 
other occasions. 

Though these researches led to no conclusive result, they aflTord- 
ed so strong a presumption in fevour of the opinion of Ampere and 
Davy, that it was adopted by several other chemists. This view 
has received strong additional support from the experiments of 
M. Kuhlman. (Quarterly Journal of Science for July 1827, p. 
205.) It was found by this chemist that fluor-spar is not in the 
slightest degree decomposed by the action of anhydrous sulphuric 
acid, whether at common temperatures or at a red heat. The 
experiment was made both by transmitting the vapour of anhydrous 
sulphuric acid over fluor-spar heated to redness in a tube of plati-* 
num, and by putting the mineral into the liquid add. In neither 
case did decomposition ensue ; but when the former experiment 
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.-was lepeaied with the difference of emplojing concentrated hydrous 
instead of anhydrous sulphuric acid^ evolution of hydrofluoric acid 
was produced. M. Kuhlman also transmitted hydrochloric acid 
gas over fluor-spar at a red heat, when hydrofluoric acid was dis- 
engaged, without any evolution of hydrogen, and chloride of cal- 
cdum remained. I am aware of no satis&ctory explanation of these 
fisu^ts, except by regarding fluor-spar as a compound of fluorine and 
calcium, and hydrofluoric acid as a compound of fluorine and hydro- 
gen. I shall accordingly adopt this view in the subsequent pages, 
and never employ the term fluoric acid except when explaining 
phenomena according to the theory of Gay-Lussac. 

Its eq. is 1968 ; symb. H + F, or HF. 

Fluoboric Acid. — Prep, — The chief diflSculty in determining 
the nature of hydrofluoric acid arises from the water of the sulphu- 
ric acid which is employed in its preparation. To avoid this source 
of uncertainty, 6ay-Lussac and Thenard made a mixture of vitri- 
fied boracic acid and fluor-spar, and exposed it in a leaden retort 
to heat, under the expectation that as no water was present, anhy- 
drous fluoric acid would be obtained. In this, however, they were 
disappointed ; but a new gas came over, to which they applied the 
term of fiuoboric acid gas. A similar train of reasoning led Davy 
about the same time to the same discovery ; though the French 
chemists had the advantage in priority of publication. Another 
process, given by Dr. Davy, is to mix 1 part of vitrified boracic acid 
and ^ of fluor-spar with 12 parts of strong sulphuric acid, heating 
the mixture gently in a glass flask (Phil. Trans. 1812) ; but the 
gas thus developed contains a considerable quantity of fluosilicic 
acid. Fiuoboric acid gas may also be formed by heating a strong 
solution of hydrofluoric and boracic acids in a metallic retort. 

In the decomposition of fluor-spar by vitrified boracic acid, the 
former and part of the latter undergo an interchange of elements. 
The fluorine uniting with boron gives rise to fluoboric acid gas ; 
and by the xmion of calcium and oxygen lime is generated, which 
combines with boracic acid, and is left in the retort as borate of 
lime. Fluoboric acid gas, therefore, is composed of boron and 
fluodne. Those who adopt the theory of Gay-Lussac give a dif- 
ferent explanation, and regard this gas as a compound of fluoric ^and 
bcMEacic acids. The lime of fluor-spar is supposed to unite with 
one portion of boracic acid, and fluoric acid at the moment of sepa- 
ration with another, yielding borate of lime and fluoboric acid gas. 
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Prop.— -It is colourless gas, has a penetrating pungent odour^ 
and extinguishes flame on the instant. Its sp.gr. according to 
Thomson, is 2*8622. It reddens litmus paper as powerfully as 
sulphuric acid, and forms salts with alkalies which are called /ko- 
borates. It has a singularly great affinity for water. When 
mixed with air or any gas which contains watery vapour, a dense 
white cloud, a combination of water and fluoboric'acid, appears, thus 
affording an extremely delicate test of the presence of moisture in 
gases. Water acts powerfully on this gas, absorbing, according to 
Dr. Davy, 700 times its volume, during which the water increases 
in temperature and volume. The solution is limpid, fuming, and 
very caustic. On the application of heat, part of the gas is disen- 
gaged ; but afterwards the whole solution is distilled. 

Qay-Lussac and Thenard and Dr. Davy were of opinion that 
fluoboric acid gas is dissolved by water without decomposition ; but 
Bcrzelius denies the accuracy of their observation. On transmit- 
ting the gas into water until the liquid acquires a sharply sour taste, 
but is far from being saturated, a white powder begins to subside ; 
and, on cooling, a considerable quantity of boracic acid is deposited 
in crystals. It appears that in a certain state of dilution, part of 
the fluoboric acid and water mutually decompose each other, with 
formation of boracic and hydrofluoric acids. The latter unites, 
according to Bcrzelius, with undecomposed fluoboric acid, forming 
what he has called boro-hi/drofluortc acid. On concentrating the 
liquid by evaporation, the boracic and hydrofluoric acids decompose 
each other, and the original compound is re-produced. 

Fluoboric acid gas does not act on glass, but attacks animal and 
vegetable matters with energy, converting them like sulphuric acid 
into a carbonaceous substance. This action is most probably owing 
to its affinity for water. 

When potassium is heated in fluoboric acid gas, the metal takes 
fire, and a chocolate-coloured solid, wholly devoid of metallic lus- 
tre, is formed. This substance is a mixture of boron and fluoride 
of potassium, from which the latter is dissolved by water, and the 
boron is left in a solid state. 

The composition of fluoboric acid gas has not hitherto b^n de- 
termined by direct experiment. Dr. Davy ascertained that it unites 
with an equal measure of ammoniacal gas, forming a solid salt ; and 
that it also combines with twice and three times its volume of am- 
monia, yielding liquid compounds. In the former salt the relative 
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weights af the constituent gases are in the ratio of their specific 
gravities ; and if the compound consists of one equivalent of each, 
it will be constituted of, 

Flnoboric acid gas . . 2*3622 . 68*04 one eq. 

Ammoniacal gas . • 5898 . 17 one eq. 

so that the equivalent of the acid may be assumed in round num- 
bers to be 68. Now supposing this acid to be formed of three 
eqs. of fluorine and one of boron, its eq. will be 64*04, a number 
which approximates to the preceding. This view is consistent with 
the composition of boracic as given at page 821, and with the con- 
version of fluoboric acid by water into hydrofluoric and boracic acids. 

Its symb. is B + 3F, or BPg. 

Fluosilicic Acid, — Prep. — This gas is formed whenever hydro- 
fluoric and silicic acids come in contact ; and hence pure hydro- 
fluoric acid can be prepared in metallic vessels only, and with fluor 
spar that is free from rock crystal. The most convenient method 
of procuring it, is to mix in a retort one part of pulverized fluor 
spar with its own weight of sand or pounded glass, and two parts of 
strong sulphuric acid. On applying a gentle heat, fluosilicic acid gas 
is disengaged with efiervescence, and may be collected over mercury. 

The chemical changes attending this process are differently ex- 
plained, according to the view which is taken concerning the nature 
of the product. In regarding fluor spar as a compound of fluoric 
acid and lime, the former at the moment of being set free is thought 
to unite directly with silicic acid, thereby giving rise to a compound 
of silicic and fluoric acids. But for reasons already stated (page 
878), fluor-spar is not considered as fluate of lime ; and therefore 
this view cannot be admitted. It is inferred, on the contrary, that 
when, by the action of sulphuric acid on fluoride of calcium, hydro- 
fluoric acid is generated, the elements of this acid react on those of 
silicic acid, and give rise to the production of water and fluosilicic 
acid gas. This gas is therefore a fluoride of silicon. It may 
occur to some whether hydrofluoric acid does not unite directly 
with silicic acid ; but this idea is inconsistent with the proportion 
in which the elements of the gas are found to be united. 

Prop. — It is a colourless gas which extinguishes flame, destroys 
animals that are immersed in it, and irritates the respiratory organs 
powerfully. It does not corrode glass vessels provided they are 
quite dry. When mixed with atmospheric air it forms a white 
cloud, owing to the presence of watery vapour. Its sp. gr, accord- 



382 FLUORINE. 

ing to Thomson, is 8-6111 ; and 100 cubic inches of it at 60°, and 
when the barometer stands at 80 inches, weigh 111*985 grains. 

Water acts powerfully on fluosilicic acid gas, of which it con- 
denses, according to Dr. Davy, 865 times its volume (Phil. Trans. 
for 1812). The gas suffers decomposition at the moment of con- 
tact with water, silicic acid in the form of a gelatinous hydrate 
being deposited, which when well washed is quite pure. The 
liquid, which has a sour taste and reddens litmus paper, contains 
the whole of the hydrofluoric acid, together with two-thirds of the 
silicic acid which was originally present in the gas. (Berzelius.) 
By conducting fluosilicic acid gas into a solution of ammonia, comr 
plete decomposition ensues: — ^hydrofluoric acid unites with the 
alkali, forming hydrofluate of ammonia, and all the silicic acid » 
deposited. On this &ct is founded the mode of analysiig fluo- 
silicic acid gas, adopted by Dr. Davy and Thomson. 

The solution which is formed by fully saturating water with 
fluosilicic acid gas is powerfully acid, and emits fumes on exposure 
to the air. It is commonly known by the name of silicatei 
fluoric acid ; but a more appropriate term is silico-hydrojluoric 
acid. According to the experiments of Berzelius, it appears to 
be a definite compound of hydrofluoric and silicic acids in the ratio 
of 8 eqs. of the former to two of the latter. If evaporated before 
separation from the silicic acid deposited by the action of water on 
fluosilicic acid gas, this compound is reproduced. But if the solu- 
tion is poured off from the silicic acid thus deposited, and then 
evaporated, fluosilicic acid gas is at first evolved, and subsequently 
hydrofluoric acid and water are expelled. The evaporation of silico- 
hydrofluoric acid in vacuo is attended by a similar change, so that 
this acid cannot be obtained free from water. It does not corrode 
glass ; but when evaporated in glass vessels, the production of free 
hydrofluoric acid of course gives rise to corrosion. 

On neutralizing silico-hydrofluoric acid with ammonia, and gently 
evaporating to dryness, all the silicic acid is rendered insoluble. 
By exactly neutralizing with carbonate of potassa, a sparingly solu- 
ble double fluoride of silicon and potassium subsides ; the preci- 
pitation is still more complete with chloride of barium, when the 
insoluble fluoride of silicon and barium is generated. A variety 
of similar compounds may be obtained either by double decomposi- 
tion, or by the action of silico-hydrofluoric acid on metallic oxides. 

Its eq. is 78-58 ; symb. Si + 8F, or SiPj. 
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ON THE COMPOUNDS OF THE SIMPLE NON-METALLIC 
ACIDIFIABLE COMBUSTIBLES WITH EACH OTHER. 



SECTION I. 

HYDROGEN AND NITROGEN. — AMMONIACAL GAS. 

r • 

Hist, and Prep. — The aqueous solution of ammonia, under tte 
name of spirit of hartshorn^ Las been long known to cLemists ; 
but its existence as a gas was first noticed by Priestley, who de- 
scribed it in his works under the title of alkaline air. It is often 
called the volatile alkali; but the terms ammonia and ammoniacal 
gas are now usually employed. . 

An abundant supply of ammoniacal gas may be obtained from 
any salt of ammonia by the action of a pure alkali or alkaline 
earth ; but hydrochlorate of ammonia and lime, from economical 
considerations, are always employed. The proportions to which I 
give the preference are equal parts of hydrochlorate of ammonia and 
well-burned quicklime, considerable excess of lime being taken, in 
order to decompose the hydrochlorate more expeditiously and com- 
pletely. The lime is slaked by the addition of water ; and as soon 
as it has Mien into powder, it should be placed in an earthen pan 
and be covered till it is quite cold, in order to protect it from the 
carbonic acid of the air. It is then mixed in a mortar with the 
hydrochlorate of ammonia, previously reduced to a fine powder ; 
and the mixture is put into a retort or other convenient glass vessel. 
Heat is then applied, and the temperature gradually increased as 
long as free evolution of gas continues. The ammonia should be 
conducted by means of a safety tube of Welter into a quantity of 
distilled water equal to the weight of the salt employed. The 
residue consists of chloride of calcium and lime. 

The gas, thus liberated, must be collected over mercury, as it is 
most rapidly absorbed by water. Advantage is taken of this pro- 
perty to prepare what is commonly though incorrectly termed liquid 
ammonia. For this purpose a current of gas is transmitted into 
distilled water, which is kept cool by means of ice or moist cloths, 
and the process is continued as long as any gas is absorbed. A 
highly concentrated solution of amjnonia is thus obtained. The 
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of experiment is b7ap^7iii9.a>^HftlB9iai%WAii o/mmka^tifffrnkmim 
tion» contained in ;a glaat AWsadiT :iIb:fl[)dfco«ntaiB integBtailMloll 
and a laige qoantitj of pnre anoMiiia'^isjdSeng^^ttl .«iuerT Tdl 

Prep. — Ammonia is a oolonnieflv f», irloellrUs niiiliiM§ffrfifl|nii 
odour, and acts powerfally on the ejrea andiMvei JtJE< mafmlL^iHmfm 
able in its pure form, but when diltited witHaicf it tdJ^rdMltdbobiail 
thelungv with safety. Burning bodies are oxtinguub^lqiMi^lM 
IB the gas inflamed by their approach. A!mmoidia^U>«K|Mr^afl(m 
flammable in a low degree ; for when a lighted OMidk ^' 'JfTtdH 
in It, the flame is somewhat enlarged, and tinned ja6)a fM^ffpdto* 
colour at the moment of being extinguished ; *a»d arinhalI:^4Ml4^ 
gas will bum in an atmosphere of oxygen. Ar wslaimlt&MiiiM) 
niacal and oxygen gases detonates by the electric wppart » wM 
being formed, and nitrogen set free. A little niirid uiA^ ifk"!^mk 
rated at the same time, except when a smaller quantity ^ <9^>Ml<^ 
is employed than is sufficient for combining with -iU the.h]Flbsi|^ 
of the ammonia. (Henry, Phil. Trans* 1809v): -• ; ? "a1 *y^,h/w| 

Ammoniacal gas at the temperature of 50^ and under a pftesund 
equal to 6*5 atmospheres, becomes a transparent eelouilc^iiq)]|d. 
It is also liquefied, according to Guyton-Morveau, utider./tfMt coiiM 
mon prfissure, by a cold of— -70^; but there is nch doubt thaft.itb^ 
liquid which he obtained was a solution of ammcmia in watdi • '■? -, \ f /%> 

It has all the properties of an alkali in a very mafbed mwa^ r*^. 
Thus it has an acrid taste, and gives a brown stain to turmelcii)t 
p^per; though the yellow colour soon reappears i»n.eSipp^lireito.tW4 
air, owing to the volatility of the alkalis 'It coml^nciB also yfit^ 
acids,, and neutralizes their properties completelty. ;All;the8ft..^U4^ 
suJSer decomposition by being heated with the 'fix^,^lV^Ue#}(^ 
alkaline earths, such as potassa or lime, the unio^^of wli^c^ ¥itbit 
thp aci^ of the salt causes the separation of its ^mmon]9b< ,^p^,4^| 
the ammoniacal salts can sustain a red heat ^ithoutr^i^g.d^jj^H^^ 
in vapour or decomposed, a character which manifestly arises from 
the volatile nature of the alkali. If combined ^th )i: VplifilS^lfcid, 
such as the hydrochloric, the compound itself sublimes unchanged 
by heat; but when united with an acid, wbicfi is flieS'^kt a low 
red heat, such as the phosphoric, the ammonia isdoBo is.^si^eUeAM 
It is here considered that the salts of ammonia are fonviad; by its 
direct uniott- wi& acids. Ailother, and a Very scienti6»^«i6w, has 
beep. adopted by B^rzelius. When an electric^ ^u^e^t i& p^^Vi^ 
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4lMifk • fmk triotum of onMrna, it is decempoBed by the 
wmtmimj a rt ic a, kydrogcn horn decompcwed water being eyolred 
ai ite MfBlite eketiode and nitrogen at the positive (Fanulaj, 
Fid). Tiaaa. 1884). Bnt if a portion of mercnrj form the negg-- 
the f l a ctiiwl e, no hydrogen is evolyed, and the mercury is rapidly 
CQVfertod Hito a light porons substance, which has the lustre and all 
Aie cioaaetefB of an amalgam. As soon as it is removed from the 
itti«MB€e of the electric current, rapid decomposition ensues, mer* 
€07 is reproduced, and hydrogen and ammoniacal gases are evolved 
fa the ratio of one measure of the former to two of the latter, 
OOMiding to the observations of Oay-Lussac and Thenard. The 
pmdiieiion of this compound is explained by Berzelius on the sup- 
pmtkm that ammonia by uniting with an additional eq. of hydrogen 
tofmm a compound, which has all the properties of a metal ; he 
therefore calls it ammonium. The oxide of ammonium, the com- 
position of which is represented by the formula NH4 + O, he con- 
aiders to be the base of the ammoniacal salts. This view is sup- 
ported by several fiwts, which will be considered when treating of 
the salts. 

Hydrogen and nitrogen gases do not unite directly, and there- 
fofe chemists have no synthetic proof of the constitution of am- 
monia. Its composition, however, has been determined analyti- 
cally with great exactness. When a succession of electric sparks 
is passed through ammoniacal gas, it is resolved into its elements ; 
lind the same effect is produced by conducting it through porcelain 
tubes heated to redness. A. BerthoUet analyzed ammonia in both 
ways, and ascertained that 200 measures of that gas, on being de- 
composed, occupy the space of 400 measures, 800 of which are 
hydrogen, and 100 nitrogen. Henry has made an analjrsis of am- 
monia by means of electricity, and his experiment proves beyond a 
doubt that the proportions above given are rigidly exact. (Annals 
of Philosophy, xxiv. 346.) 

Graini. 

How nace 150 cubic inches of hydrogen weigh • 3*205 

and 50 of nitrogen . . . 15*083 

I III* 

100 cubic inches of ammonia must weigh . 18*288 

aad it is composed by weight of 

Hydrogen • 3*205 . 3 . or 3 equivalents. 

NwrageB • • 15*083 • 14*15 • or 1 equivalent. 

The sp. gr. of ammonia, according to this calculation, is 0*5898, 

2c 
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a number vhich agrees closely with tbo^e ascjsi^taiued directly bj;, 
Davy and Thomson. ,:..,!., -r 

Ammoniacal gas has a powerful affinity for wat^« Owing to, t^s 
attraction, a piece of ice, when introduced into a jar full of am- 
monia, is instantly liquefied, and the gas disappears in the course of 
a few seconds. Davy, in his Elements, stated that water at 50% 
and when the barometer stands at 29*8 inches,' absorbs 670 times 
its volume of ammonia, and that the solution has' a sp. gr. of 
0*875. According to Thomson, water at the commcn t£|npeiaJti)re 
and pressure takes up 780 times its bulk. By strong con[ipressioii,T 
water absorbs the gas in still greater quantity. Heatas eijolved, 
during its absorption ; and a considerable expansion, indep^pdenilji^ 
of the increased temperature, occurs at the same time. ,^ ^.^,,^1 

The concentrated solution of ammonia is a clear colouxless. li^u,!^ 
of sp. gr. 0*936. It possesses the peculiar pungent o^Dur, t^j^^, 
alkalinity, and other properties of the gas itself. On accounJb of j|ts> 
great volatility it should be preserved in well-stopped bottles, > 
measure which is also required to prevent the absorption of ca^boiijf;. 
acid. At a temperature of 130® it enters into ebullition, owing to 
the rapid escape of pure ammonia ; but the whole of the gas cani^)t( 
be expelled by this means, as at last the solution itself ey^oratesu. 
It freezes at about the same temperature as mercury. , 

The following table, from Davy's Elements of Chemical Philp,: 
sophy, shows the quantity of real ammonia contained in 100 parts 
of solutions of diflPerent sp. gravities at 59° F, and when the baro^ 
meter stands at 30 inches. The sp. gr. of water is supposed t^ 
be 10,000 : — 

Table of the qtuintity of real Ammonia in solutions of different densities. 



100 parts of 




Of real 


100 parts of 




Ofreal 


sp. gravity. 


^4 


Ammonia. 


sp. gravity. 




Ammonia. 


8750 


32-5 


9436 


14-53 


8875 


T3 

o 


29-26 


9476 


CI 


13-46 


9000 


26-00 


9513 


d 


12-40 


9054 


o 


25-37 


9546 


o 


11-56 


9166 




22-07 


9573 




10-82 


9265 




19-54 


9597 




10-17 


9326 




17-52 


9619 




9-60 


9385 




15-88 


9692 




9-50 



The presence of free ammoniacal gas may always be detected by 
its odour, by its temporary action on yellow turmeric paper, and by 
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its forming dense white fiimes, hydrochlorate of ammonia, when a 
glass rod moistened with hydrochloric acid is brought near it. 
Its eq. is 1715 ; eq. vol. = 200 ; symb. N ^- 3H, or NH3. 

SECTION II. 



COMPOUNDS OF HYDROGEN AND CARBON. 

Che!mists have for several years been acquainted with two dis- 
tinct compounds of carbon and hydrogen, viz. carburetted hydrogen 
and olefiant gases ; but late researches have enriched the science 
vfi^ several other compounds of a similar nature, to which much 
interest is attached. They are remarkable for their number, for 
stippl)riiig some instructive instances of isomerism, and for their ten- 
dency to unite with and even neutralize powerful acids, without, in 
their uncombined state, manifesting any ordinary signs of alkalinity. 
Several of them are particularly distinguished by their chemical 
aflBnities ; for although compound, they exhibit in their combina- 
tions with other substances the characteristics of an element. They 
have hence been called the compound radicals. These compound 
radicals are closely associated both with the organic and inorganic 
chemistry. In the latter they must hold a place, as being com- 
pounds formed by the direct union of two elements ; and in the 
former they are the roots or radicals of the various organic products. 
The following tabular view represents the composition of those 
which have as yet been studied. 



Light <iarburetted hydrogen 

Olefiant gas 

Etherine 

Paraffioe 

Eupione 

Roae-oil'ttearine 

tVaz-oil • 

fienzin or Bicarburet 

. hydrogen 

NaphUia • 

Oil of turpentine 

Citrine . 

Camphire • 

Oil of Copaiva 

Juniper oil 

Lemon oil 

Savin-tree oil 

Black pepper oil 

Naphthaline . 
Paranaphthaline 
Idrialine . 



Hydrogen. Carbon. Equiv. Formulae. 



2 2 eq.-f- 6-12 1 eq. = 8-12 
2 2 eq.+12-24 2 eq. = 1414 
4 4 eq.+24-48 4 eq. = 28-48 



HaC 
H2C2 

H4C, 



Same ratio of elements as in etherine, but eq. 
is unknown. 



3 eq.-}-36-72 6 eq. = 39*72 
3 eq. +36-72 6 eq. = 41-72 



H.Ce 



8 eq.+ 61-2 10 eq. = 69-2 HqC^ 



4 cq.-}-61-2 10 eq. = 65«2 
7 eq.+122-4 20 eq. = 129-4 



2 C 



H7C20 

2 



$n$ 4!Cdiii(iimas/or3{]n»DD£ra(A?eii 

Light Carhhtrittti ]]l^dr^gtn4'i^&iit.'^i^'j^)iK soteetimes 
failed 'hemyinfnm'Aiable dirv'tiMiiif/tontoMiUe'^ 
kydr6earburet. Agreeably lotke prineipi^ b^t^ieHUcal Jd^n- 
dbture, taking carboia sb the eleetro-^iiegaftivd^Ierasflart/^ti^^a^ffci^ 
bitrtt of hydrogen; but it is generalljR tdmbd iightmtinimretted 
hydrogen. It is fonned abundantl^r in ^stagnant ir][)ifK>lafdsBJii9)t}ie 
8p<yntaneon6 decomposition of dead' Vegetable tnsdjIeri'^Qifd^itjiiia]^ 
readily be procured hj stirring the mud at the bottonn rof tfa^nr^ aii4 
ebllecting the gas, as it escapes, in an inverted j^bEtssfvessrii^h Ik 
this state it is found to contain 1-^Oth of carbonidacfd ^^. nhs^ 
niay be removed by means of lime water or asolntion/ofii^iive 
^tassa, and 1-1 5th or 1-^Oth of nitrogen. This is tberrjonlTiisffiil^ 
¥ieiii^ht miethod of obtaining it. '' \»i^.n ■Mi:v)Uh 

'' Prop.^ — Colourless, tasteless, nearly inodorous v^ah^yiljgaiBeloni 
wli^en nficombined ; does not change the colour of litmtisfov tuisndiio 
pliper. Water, according to Henry, absorbs about l-60A>xrfiTiti 
v^uibe." It extinguishes all burning bodies, and is unsJodetO'Sup 
{>oH; the respiration of animals. It is highly inflammaUei; .and 
^en a jet of it is set on fire, it bums with a yellow tiamo'^iiand 
%!th a much stronger light than is occasioned by -hydrogen' ;giffi 
^ith a due proportion of atmospheric air or oxygen^ gad )it;i;&)imB 
a^ttixture which detonates powerfully with the elect]ier8pfrk^)ob bj^ 
th^ contact of flame. The sole products of the explosioil ar^^watef 
and carbonic acid. ■ ^ * .H: ir-.iiij 

Dal ton first ascertained the real nature of light eaibure^tedi hy- 
drt)gen ; and it has since been particularly examined' hf Thfonii)n, 
Davy, and Henry. When 100 measures are detonated withT&ther 
more than twice their volume of oxygen gas, the'r«diiDle^o£' tli(B 
Inflammable gas and precisely 200 measures of the (xsygesudikdi^ 
^ear, water is condensed, and 100 measures of oflarbondrc^ acid;iaie 
produced. Now 100 measures of carbonic add gai^ contaiuc^pe^ 
^8) 100 of carbon vapour and 100 of oxygen ga9y'justv.half>itlje 
dxygen which had been employed; and the remainihgiioxji^^ 
Inquires goo measures of hydrogen to form water^ HenocBa^iat 
^O^P. fend 30 inches Bar., . . ;• »• >:ii; jaujp 

.i 100 «ubie iopjies of carbon vapour weigh • « • • !,13*]^/| .. 
200 do. hydrogen gas . . . . . 4'-5^' "^ 

. 10^ i dq. light carbuTettedhydn)genmu>tw^^h^^^ .17'4}G6 

These weights are obviously in the ratio of 2 to 6*12, as (rfVttJijr 



assigned')'' aaid^ibe^^U^.ofs&aek-a^g^'dv^t 1box\be^^0*5594v li^I^ch 

-/rliiglit Icaibuar^t^d >hl)rd90gfiq[i id; not defcconposed by electricjjbj/i^ 
HOT >ftyi being, passed tbrongh xed^bot tubes^ lualessi the tempemtuJie 
l8)\very<iiiteQse,v.iii vhidi cage some of the gas does suffer decomp^ 
sition^ieatek volume yielding two volumes of pure hydrogen g»|f 
and* a deposite o£ charcoal. Mixed with chlorine, no action taJc^s 
|>hteet at I idommon temperatures, when quite dry, even if exposed t^ 
tUe direet solar layd. If moist, and the mixture is kept in a darl^ 
I^lode^ stilL no action ensues; but if light be admitted, partiA^ularljjf 
siuK^itie, !• decomposition follows. The nature of the pcoduct^ 
defxends upon the proportion of the gases. If four mea^ure^iof 
chlorine and one of light carburetted hydrogen are present,. carbonic 
aoMd! hydrochloric acid gases will be produced: two < volumeiai of 
ehloone combine with two volumes of hydrogen contained in ih/^ 
caffbniureited hydrogen, and the other two volumes of chlorine, 4^ 
eomposciBO much water as will likewise give two volumes of by^f^ 
gen, foi>ining hydrochloric acid; while the oxygen ofthei'Wai^ar 
ImiteS' with the carbon, and converts it into carbonic acid*^ If tJ&cp^ 
aoejthree instead of four volumes of chlorine, carbonic oj^ide wiUft^ 
gsen^mted instead of carbonic acid, because one-half less watei: iWJfH 
bd decomposed (Henry). If a mixture of chlorine and Ugh^ q^p, 
buretted hydrogen is electrified or exposed to a red heat, hyd^i^t 
chloric acid is formed, and charcoal deposited. ,-.■ , ,,?ft 

/ It&eq^]8'S'12; eq. vol. = 100; symb. HjC. i ii 

, .''Itnwai first ascertained by Henry (Nicholson'^s Journal, .yo)t 
xiili)-i; and his conclusions have been fully confirmed by the suhaejt- 
i|iuenit; researches of Davy, that the ^re-damp of coal-mines con^sisj^ 
a!^M)l9t.8olely of light carburetted hydrogen. This gas oftc^nissj^aft 
§& large quantity from between beds of coal, and by collecting, m 
«!|in(ei5, owing to deficient ventilation, gradually mingles with atmp^ 
spheoricair^ andfprms an explosive mixture. The first unpr^t^eie^ 
Isgbt^.which th^Ek approaches, sets fire to the whole masS) ai^d ^ 
jax{d0aion.'iklxsues»> These accidents, which were formerly sp;.^'^;^ 
quent and so fatal, are now comparatively rare, owing to^.th^ en^f 
ploymeAt of the safety-lamp. For this invention we are indebted 
to D^vjjj^who established the principles ofits eonstructiXm by a 
train of -elaborate experiment and close reasoning, whichl. may be 
regarff^A aSs one of the happiest eflforts of his genius (ESi&ty on 
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Davy commenced the inquiry by determinifig tJie hesi proportion 
of air and light carburetted hydrogen tai forming (an 'eZj|dosiv<e 
mixture. When the inflammable gas is mixed with 8 or 4 times 
its volume of air, it does not explode at all. li detonates feebly 
when mixed with 5 or 6 times its bulk of mr, and powearfiilly when 
1 to 7 or 8 is the proportion. With 14 times its volume^ it still 
forms a mixture which is explosive ; but if a larger quiantity of air 
be admitted, a taper bums in it only with an enlaxged flame. 

The temperature required for causing an explosion was next as- 
certained. It was foimd that the strongest explosive mixture may 
come in contact with iron or other solid bodies heated to redness, 
or even to whiteness, without detonating, provided they are not in 
a state of actual combustion; whereas the smallest point of flame, 
owing to its higher temperature, instantly causes an explosion. 

The last important step in the inquiry was the observation that 
flame cannot pass through a narrow tube. This led to . the dis- 
covery, that the power of tubes in preventing the tiansmission of 
flame is not necessarily connected with any particul» length ; and 
that a very short one will have the eflfect, provided its diameter is 
proportionally reduced. Thus, a piece of fine wire gauze, whidi 
may be regarded as an assemblage of short narrow tubes, is quite im- 
permeable to flame ; and consequently, if a common oil lamp be 
completely surrounded with a cage of such gauze, it may be intaro- 
duced into an explosive atmosphere of fire-damp and air, without 
kindling the mixture. This simple contrivance, which is appropri- 
ately termed the safety-lamp^ not only prevents explosion, but in- 
dicates the precise moment of danger. When the lamp is carried 
into an atmosphere charged with fire-damp, the flame begins to en- 
large ; and the mixture, if highly explosive, takes fire as soon as it 
has passed through the gauze, and bums on its inner sur&ce, while 
the light in the centre of the lamp is extinguished. Whenever this 
appearance is observed, the miner must instantly withdraw ; fbr 
though the flame should not be able to communicate with the ex- 
plosive mixture on the outside of the lamp, as long as the texture 
of the gauze remains entire, yet the heat emitted during the com- 
bustion is so great, that the wire, if exposed to it for a few minutes, 
would suffer oxidation, and fall to pieces. 

The peculiar operation of small tubes in obstmcting the passage 
of flame admits of a very simple explanation. Flame is gaseous 
matter heated so intensely as to be luminous ; and Davy has shown 
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thai the temperature netsessary for producing this effect is ftir higher 
than the white heat of solid bodies. Now, when flame comes in 
contact with the sides of very minute apertures, as when wire g^uze 
ifi: laid upon a burning jet of coal gas, it is deprived of so much heat 
that its temperature instantly falls below the degree at which gaseous 
ixiatter is luminous ; and consequently, though the gas itself passes 
fireely through the interstices, and is still very hot, it is no longer 
incandescent. Nor does this take place when the wire is cold only ; 
-—the effect is equally certain at any degree of heat which the flame 
can communicate to it. For since the gauze has a large extent of 
sur&ee, and from its metallic nature is a good conductor of heat, it 
los^ heat with great rapidity. Its temperature, therefore, though 
it may be heated to whiteness, is always so far below that of flame, 
as to exert a cooling influence over the burning gas, and reduce its 
heat below the point at which it is incandescent. 

These principles suggest the conditions under which Davy's lamp 
*would cease to be safe. If a lamp with its gauze red-hot be ex- 
posed to a current of explosive mixture, the flame may possibly 
pass so rapidly as not to be cooled below the point of ignition, and 
in that case an accident might occur with a lamp which would be 
quite safe in a calm atmosphere. It has been lately shown by 
Messrs. Upton and Roberts, lamp manufacturers of this city, that 
flame may in this way be made to pass through the safety^amp as 
commonly constructed ; and I am satisfied, from having witnessed 
some of their experiments, that the observation is correct. This 
then may account for accidents in coal-mines where the safety-lamp 
is constantly employed. An obvious mode of avoiding such an evil 
is to diminish the apertures of the gauze ; but this remedy is nearly 
impracticable from the obstacle which very fine gauze causes to the 
diffusion of light. A better method is to surround the common 
safety-lamp with a glass cylinder, allowing air to enter solely at the 
bottom of the lamp through wire gauze of extreme fineness, placed 
horizontally, and to escape at top by a similar contrivance. Upton 
and Roberts have constructed a lamp of this kind, through which I 
have in vain tried to cause the communication of flame, and which 
appears to me perfectly secure : should an accident break the glass, 
their lamp would be reduced to a safety-lamp of the common con- 
struction. Davy's lamp thus modified gives a much better light 
than without the glass, just as all lamps burn better with a shade 
than without one. 



)iexi7 of foraUn^iiB'iiii4ike di^usinridD chhtiiieaoditai^0oM«tifiMl9 
bvt t«i!jr.HnpNpdd!)r^ odledr iMoabqreltod ovftfeitauivuibitkd tofilMP 
Ipeiu iTke iEtkiofiteeleiimitl>»b^ni|)jflDi7fIlo l./«Qg:g«BlB» tto/tmi 
tecbuiet 'o£ hjditigai ; ibtit .tU]B> cbvosl noi^ indidbKl^rirlmtx^^d. «f' 
ffibon are combmed vitb £ eqs.^ oS'hjfidrogsiil to-ftviDiil/ibqi^^idf 
lihcfgM. ' Pfirkqpt the espressira | eaiiniret of bjdi'^gcaPirilliliAetf 
qualcly express this,--r« prinople-of. iKHBenclatKrejaltedb;^^^ 
by 8Wne of the Ocrman chemists. , f^f,^. 

Brq^ — By mixing in a capacious retort one partjky wei^ of 
absolute ^alcohol with four of concentrated sulphuric a^M}ji;a^fji ^V^°? 
the mixture as soon as it is made. The acid soon acts upon the 
skoholji efferreteeiice ensues, and olefiant gas passes' D4flnf< '"^h^ 
chcBRcal changes which take place are of a comfdioaled nia^urb, iui8 
t^oB-pioducts numerous. At the commencement o£tbe pl^oeeis^'^fto 
<tlfifianl*gas is mixed only with a little ether ; but in a^i^ort'tiKM^ 
the solution becomes dark, the formation of ether. dec)ittes^'<Mi!iit](€l 
ddovr of sulphurous acid bc^ns to be percepfibiie? towards^ <ihe 
closeiof the operati<m, though olefiant gas is ^ill Uio cbvef^fjyrpdiMf 
dudphvrous acid is freely disengaged, some carbonic ^d io ftnnw^^ 
andvboxcoal in large quantity deposited. The oleifiantgiaS'iiMiiy bd 
e^iected cither over water or mercury. The greater ipairt^of'^lii^ 
ether condenses spontaneously ; and the sulphuvotts and KHoftoirici 
abids may be separated by washing the gas with Ume*wti^rj<br <a bo^ 
lotion of pure potassa. The olefiant gas in this process ^ifr'd«t4tlsd 
sple}y &om the alcohol ; the theory of its formation, ai^ we}l>tts^lMb 
o£ die^acoompanying products, will be given under the he^^ AleohelJ 
) J .Pro/i.r-^ Colourless, tasteless, inodorous; hitherto only bnoimi 
in a gaseous state. W^ater absorbs about one^ghth of iirfolilfiGret' 
Lik%. fliei preceding compound, it extinguishes Same, is^ utiaUiei to 
si]|q>ext iiie roypiration of animals, and is set on fife i^hen ii'*li^bied 
candl6> is presented to it, burning slowly with the emission of >a fieiissi 
whiie^*)ight«^ With a proper quantity of oxygefi'ga^ liflbnblB W 
mixlui^ iiihidi miiy be kindled by flame or the ele6trib'6f>ai^(ij4kiiit 
whkk ^s^lodes with great tiolence. To butn-it^ 'Coio(plet«l)ri>'y|> 
should ^be:detonated with fomr or fiv6 times its tolumeief oxygvav 
On condo^ifig ^hid experiment with the requisite ciEure,'iiid#y>fitA)sr 
thatfar^chiraeasure of olcfia'nt'gasv precisely t^iee^ Oxygen 'disM 
appffuvi depOsiliion ^'waicr t^ikes piaeey ta^d Xiio meisUvepibf ^4iaf^ 



h&9i^QsiA «in>p]ipdiib^J in*otEDifaweadSk4]hf&^ikepaitibii ^)]ls\ton- 

^^^tQ<i0iir»ii[oe&icaibonkiiMLi) otiitalRi/^ a]k&4ureif;Qfatl0* V^^ 
c^i^fffA Whnkiidnuskh^^ ho^)ipH£aesoM ik^Un joiisfiaoftt gas, aid twd 

l|l^ .l^i^&taeiKJlmiiied;.for ; ?anddkli6> other jihird nsut hdvewcombhoed 
Uritbp'liyflrQgieil. <> I But> (ttiediieasure of oxygen Yeqmres fin faraiii^ 
wpftiM* i|]|veQ»eJ^ Urd measurefr. of hydrogeoii which; must Ukewiae iiaTie 

200 cubic inches of the vapour of carbon, which weigh . 26*306 ^ 

'h» t?fep'»v/ v^DJ-'f', hydrogen gas, which weigh .v,vH — 4^68^ 

P." 'WUlifi 'ihfcl^^i of olefiant gas most weigh . ' . ' '^ ' W^' ^ *' 

Tfb^se ni^ights «te in the ratio 12 24 or 2 equivaleBts of earhon ibr 
gf0r.^;(^6.> of hydrogen, as in the table. The sp. gr^ of a gafi *do 
^iDstitQted: (page 230) should be 0*9810; whereas the t density 
ftiiunidrecKperimentally by Saussure is 0*9852, by Henry Q*96f7v ctnd> 
bjf iTbwnsoa 0'97. -jdji 

r^.lBy^a BuecesMon of electric sparks it is resolved into ehaEeobb 
attd hj^ogeu; and the latter of course occupies twice asmuobi 
^fmG•M the gas from which it was derived. It is also decompocfedU 
by ti»iiKSB9issiQn through red-hot tubes of porcelain. The iKUmre; 
of I thie. products varies with the temperature. By employing a >Y«bj» 
kmdetgsee of heat, it may probably be converted solely into caibdmi 
and light 'Carburetted hydrogen; and in this case no increaset^ofr 
to}u^n« can occur^ because these two gases, for equal bulks, oontain I 
tJM^jS^me quantity of hydrogen. But if the tempeiature< ifi h^h^e 
tlbbeOi^a grQa4^ increase of volume takes place ; a circumstance wlooclb 
iftdioates the evolution of &ee hydrogen, and consequently the tdtal 
decomposition of some of the olefiant gas. ■■.'.> .^i j . itr 

,.i Its eq. is 14-24 ; eq.vol. — 100 ; symb. 2H + 2C, or HjjCgv .li J 
. Chlorine acts powerfully on olefiant gas. When ihese gases afBc:. 
satined together in the ratio of two measures of the form^ to« 6ne> 
of :the latter, they form a mixture which takes fire on the approadv/ 
of Aame^ lupid which bums rapidly with formation of hydjrochloricp 
qK^id gaS) and deposition of a large quantity of charcoal. But if thbv 
gus^/aretajlowed to remain at rest after being mixed togetheEi|>ds 
very <difieremt action ensues. The chlorine^ , instead i)S decompos^> 
ingitbe olefiant gas^ entersiqto direct combination witU it^ landidJ 
y^UoW Jiq^.like oil is geneiated. Wohkr;has xemark|)d ito tprpt^ 
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diiction by the contact of olefiimi gas with ceartadn metallic cUondes, 
especially the perchloride of antimony. The other compounds, the 
composition of which was giYen at page 887, are described in the 
organic chemistry. They belong to this department not only as 
being products of the organic kingdom, but also on account of their 
atomic constitution; for whenever they are acted on by chlorine 
or any other dehydrodizing agents, one part of the hydrogen, which 
enters into their composition, is shown to be in a state of combination 
different from the rest. Thus evidence is obtained that these com- 
pounds, although composed of nothing but hydrogen and carbon, 
are not formed by the direct union of these elements, but that a 
portion of the hydrogen with the carbon forms a compound radical, 
which acts the part of an element and combines as such with the 
remainder of the hydrogen. 



SECTION III. 

COMPOUNDS OF HYDROGEN AND SULPHUR. 

SuLPHUE unites with hydrogen in at least two proportions, and 
the resulting compounds are thus constituted : — 

Hydrogen. Sulphur. Equiv. Formula). 
Hydrosulphuric acid . 1 1 eq. -f- 16*1 1 eq. = 17*1 HS. 

Persulphuret of hydrogen 1 1 eq. + 32*2 2 eq. = 33*2 HS^. 

Hydrosulphuric Acid, — Hist, and Prep, — ^Commonly known 
under the name of sulphuretted hydrogen. It is best prepared by 
heating sesquisulphuret of antimony in a retort, or other convenient 
glass vessel, with four or five times its weight of strong hydrochloric 
acid ; when, by an interchange of elements, sesquichloride of anti- 
mony and hydrosulphuric acid are generated, the latter of which 
escapes with effervescence. The elements concerned before and 
after the change, are 

1 eq. Sesquisulphuret of antimony and 3 eq. Hydrochloric acid 
2Sb-i-3S 3(H-j-Cl); 

which yield 

3 eq. Hydrosulphuric acid and 1 eq* Sesquichloride of antimony, 
3(H-i-S) 2Sb-f3Cl. 

It may also be formed by the action of sulphuric acid diluted with 
3 or 4 parts of water on protosulphuret of iron : this sulphuret and 
water interchange elements, hydrosulphuric acid and protoxide of 
iron are generated, and the latter unites with sulphuric acid^ while 
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ike fonaoier in the state of gas is rapidly disengaged. HydrocUoric 
acid may be substituted for the sulphuric. A sidphuret of iron may 
be procured for the purpose, either by igniting common iron pyrites, 
by which means nearly half of its sulphur is expelled, or by expose 
ing to a low red heat a mixture of two parts of iron filings and 
rather more than one part of sulphur. The materials should be 
placed in a common earthen or cast-iron crucible, and be protected 
as much as possible from the air during the process. The sulphuret 
procured from iron filings and sulphur always contains some un- 
combined iron, and therefore the gas obtained from it is neva: quite 
pure, being mixed with a little free hydrogen. This, however, for 
many purposes, is immaterial. 

Prop, — Colourless gas, which reddens moist litmus paper feebly, 
and is distinguished from all other gaseous substances by its ofien- 
sive taste and odour, which is similar to that of putrefying eggs, or 
the water of sulphurous springs. Under a pressure of 17 atmo- 
spheres, at 50°, it is compressed into a limpid liquid, which resumes 
the gaseous state as soon as the pressure is removed. To animal 
life it is very injurious. According to Dupuytren and Thenard, 
the presence of l-1500th of this gas in air is instantly fatal to a 
small bird ; 1-1 000th killed a middle-sized dog ; and a horse died 
in an atmosphere which contained 1-25 0th of its volume. 

It extinguishes all burning bodies ; but the gas takes fire when 
a lighted candle is immersed in it, and bums with a pale blue flame. 
Water and sulphurous acid are the products of its combustion, and 
sulphur is deposited. With oxygen gas it forms a mixture which 
detonates by the application of flame or the electric spark : if 100 
measures of it are exploded with 150 of oxygen, the former is com- 
pletely consumed, the oxygen disappears, water is deposited, and 
100 measures of sulphurous acid gas remain (Thomson). From the 
result of this experiment, the composition of hydrosulphuric acid 
gas may be inferred ; for it is clear, from the composition of sul- 
phurous acid (page 80S), that two-thirds of the oxygen must have 
combined with sulphur ; and, therefore, that the remaining one-third 
contributed to the formation of water. Consequently, hydrosul- 
phuric acid contains its own volume of hydrogen gas, and 16*66 of 
the vapour of sulphur ; and since 

Grains. 
16*66 cubic inches of the vapour of Sulphur weigh . . . 34'361 
100 cubic inches of Hydrogen gas weigh . . . • 2*1318 

100 cubic inchea of Hydrosulp. acid gas must weigh . . 36*4928 
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with observation ; and its elements ai:^iiArl^iq»t^^f(IfitO;c{|k^]f;aai 
•iMaily>(liienti©iielcL.:''iiiiJfr.j-!{» .iii^-, a <i r.iV2 i>i'>iJ ohuilqluaoil)/!! 
, i >Tha accmracy df thifl ;Ti0w isieoiifjttfcedffjl^v^i^j^alclbi^uoiaiance^ 
Tbvsy aecoiding to G*y-LuB«ae^^^»d-.^b«fta|D4fl jtibmiRijigl^^ 
cubic inches x>f hydroendphiuric .acid) g««] ikr S^'-^.^nm»^si [j^heil 
snlphox is heated in hydrogen gas, hydrQ^ulph^^c^^dliiftfpenixatkd) 
without any change of yolume. - On igiuitii)gt^Iivtiil}imoiitsb'e»itt(j| 
by means of the voltaic apparatum sulphur fB d^<78|teil>|)aQdIan 
equal volume of pure hydrogea^cemai]:is;.v(i)pid>i 9imid^\«£S»^ is 
pmducdd^ thchigh m<M» dowly^ by a succeesioii^QCi-i^Qcrtifi^o^afJ^ 
(Elements of Davy, p. S8S). 6aysLu$8ac; a^^TJ^fff^^ f^mi 
that <A' heating tin in hydrosulphuric Acid gai^ :$Jd|]&uj»tBo6otiai[ifl 
fi)cmed; sad ;wlien potas^um is heated ipi k,u :VKVSM^j<^9)llu^fij[»l 
ctesTie&|!vith:fQnnation of sulphuret of potassium^, r Inrb^fbac^^ 
pttre hydzogeii.i8.Ieft, which occupies precisely i.ihe',^|»qa^j^lp)i^^ 
tbeigafti&om which it was derived (Rechesdhes Fbysico-j^hjn^pi^ 
'9t>hij) \i ■ - \i i.iin O + A 

'\\vS^^8$lts.Qf hydrosulphuric acid are called /^iTQ^ph^t^saf^ 
ebmeiimfH.hjfdrosulphurets. This acid, h€^wev0c,.rarip}yijuiaj|t^.^ 
fobtljrt with metallic oxides; but in most ioaaeajitft h^^i^^j^ ,(9&^ 
bineb trith the oxygen of the oxide and its, ^ulphujr-iv^il^ tlb^lDft^^ 
Aii>ithci hydzDBulphates which do ei^t are de^onip^e^tbjK«^|IJ|^%]jii| 
or "hydrochloric acids, and hydrosulphuric acid ;gi9^ i^id^^g^y 
97ith eflSBTveacence. . u.'u .-> : njj^f« {jjfi 

I liRecently boiled water absorbs its owq volumie^of,hy4il^q§ttlp})ij^ 
abid,T becomes thereby feebly acid, and acquires tMp€vQ|iJiaj;iK|d)9]|£ 
lind; taste of sulphurous springs. The gas is expelled wi^h^i^ Q^y^Kd 
JyjfeoiMng the- water. ■>, , '..v..;>irih.') m si 

bj]'!FhB elements of hydrosulphuric acid may easily )>e s^p4|fAl4 
flfoni oneianother. A solution of the gas cannotob^ p^^sn^yfiKJ^I^^ 
ap^*iV3»Belv:bec»0iise its hydrogen unites with t]^eiox^ej^i^oyi# 
almospiKw, 1 widi ^pW is deposited. When \ oi^i^ftio^itJi rfi^fe 
^luirou& noid^ both icpmpoands ^e decomposed, v^e^^ift £Q^;^^M^ 
MiddRilpbfis^aetfiiee; 0n pouring into a bottle (K^.i^rg^if^ijf^ 
lillnitigi>3ii^ric iacid; ^u4»al deeo^posUipn ^niSiu^%i§j ]^li:^s|^^tf 
flame frequently appetos,,flulphiU' atud JttiU;ou8 jac^ fefft^j^fifimM^ 
■tfiiflry(p.ij!pkfwa|8Tcf^igeaerat^d>^^^ iiCU^ 

tikn^osb jitj^f/MiJik «iQp»rft sJllpbjwj) a|id jB^nii^fi^pfl qf; ]^j 

dMoritt^ll(^riddicj j»^ hyifeol»^pri§ i^^^l j iA% #t|»(^^rfe5 




vntlKuhjlii6mil^}ilic7iki&l^ inieawofi^UbHne 

Bl^tlle(^)2U^lo?QEi€ft|^l»iiUUsst7''> ^Jnomof.) ^ji [j/ir. ^ {R.i/i./T-.Hj.. ijnvf 
Hydrosulphuric acid gas is readily distinguishes )ftom'OldierrgMi« 
by'it^trfoui^jf bV^tiitftisli&i^ -rilv^ntrith ^frhick It fonnsra Hidph*et, 
41^ ti^p tbk>€}iarttdtfeFi^idf^ ^reeipiUte 'tsAiicb it prcniaees ivitk^olti^ 
tioild^6f areottiims ac{4y tdrtar «me<sc«> and ^salts of lead. Tht mimt 
<tdi(mt0'tiedt6(iitB'f^pe8enoe^ whendiffused^^^^ the aiiv is makit csih 
tb]utt&C)i^'ofiideV)fijead spread on white paper. = *.!ir// 

mjltffreqjis-l'y't ^ eq.^, =: 1«0; symb. HS. j /.n yrf 

8t Pisiihilphkitf^ of Hydrogen.-^Hist. and Pr€p.-***DiacDv-orediby 
Slli^ev^lit first specially described by BerthoUet (An; dd Chiioiie^ 
iatm)t ^'Wbcb* protosalphoret of pota^siam (ioi of miy metal ofiltl^ 
ftlkaUe^l' •and alkaline earths) is mixed in solution with^iuJpluiiie 
imd^i^h&^^iiLygetL of water unites with potassium and its hyBrog^ft 
m^^sdlpUiifj just as when protosulphuret of iron : ia empl^jod^ 
byd^is^lphuric acid and sulphate of potassa being geiieiated':'»iJMf 
fA^&tA» K. -f S and H + O mutually interchange^c alidi^'jieltt 
K + O and H -f S. If the potassium be combined with^wo(<or 
faili^e'''el}uita}ents of sulphur as in the so called liver vfsuiflihur 
n^de'by fusing carbonate of potassa with half of its wei^t of mxb 
ifiivtfy ^tik^ ont of two events will happen : the hydrogoi of thci jdet 
d^difif^sM' Mflater will either unite with 1 eq. of sulphur lEuid iiirid 
kj^tbl^tphuric acid, the superfluous sulphur subsiding in :tbc(]f6M| 
bf mfa^yhydmte^ or with S eqs. of sulphur, and gire riseto i|)exi» 
sulphuret of hydrogen. Now, the former of these changeii^alifliyii 
bbduk ndieiH tlie acid is added to the persulphuret of potaasiUn; 
i^d-'ih^ latter takes place when a concentrated 8olution>of >tbit((ula 
pbiii^et is'added by little and little to the acid, provided thetdoM 
is in considerable excess, and the mixture well stirred afibtir (^aoK 
JkdiilloiD'; The same phenomena ensue when hydiochlQidG in^fibad 
^f'st^lphnlHt; udi is employed ; but then there are twxi^souKBS fiKHA 
^^clh hydrogen may be supplied. It may be^derivedi mfahmp^ 
fi^^lfti 'ile^oibposed water, hydrochlorate of potassa been gciilei»titd4 
•^'byd3f6<:3ilork^ add itself may be decomposedyitrKyidrbgenrumtJikf 
WMy smlphu^ €ind its chlorine with potai^sitthi. On ill fluch^cMSoasiaiMi 
l^lridbpt^%hd latter view, and will give reasons Ibr'^doingrso^^idrAb^ 
WiKd^tf ^itftrodtictory to the study of the^metsds; ;.' 7jJtioii|> >;? jji^fl 
'•^'Sildi'^lu^' the principtea to^ be^ dttedddd/ ta in^pr^pan%4)^iil^ 
tMit4 of hydrdgen. In practie)K^ it is^eonv^^itnityvmade byijboib' 
Hi^¥^^l^j^iilts^<>() r^^ntly^sbked'ln^ 
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i^i7J. 



5 or 6 parte of water for half an hour, when a deep oirtnge^yellbw' 
solution is formed, which contains persulphuret of calciiun. liei 
this liquid be filtered, and gradually added cold to an excess of 
hydrochloric acid diluted with about twice ite weight of wateir^ 
briskly stiiring. A copious dq>o8it of sulphur falls (tie sulphur 
prsecipitatum of the London Pharmacopoeia), and persulphuret of 
hydrogen gradually subsides in the form of a yellowish seml-flaid ' 
matter like oil. The change which ensues in the formation of tUd ' 
yellow solution may be theoretically represented thuS : — 

2 eq. lime & 6 eq. sulphur 2 1 eq. hyposulph. acid & 2 eq. bisulphuret calcium. 
2(Ca+0) 6S 1. 2S-i-20 2(Ca4-2S). ' ' 

The hyposulphurous acid exists in solution united with lime,, and 
is decomposed when hydrochloric acid is added, resolving itself 
into sulphurous acid and sulphur (page 807) ; a change not essen- 
tially connected with the production of persulphuret of hydrogen, 
but resulting from the mode of preparing the persulphuret of cal- 
cium. It is probable that the calcium is combined with more than 
2 eqs. of sulphur, and that the deposited sulphur is derived from 
that source as well as from decomposed hyposulphurous acid. 

Prop. — From the fiwility with which this substance resolves 
itself into sulphur and hydrosulphuric acid, its history is imper- 
fect : we are indebted to an essay by Thenard for the principal 
facts which are known (An. de Ch. et Ph. xlviii. 79). At com- 
mon temperatures it is a viscid liquid, of a yellow colour, with a 
density of about 1*769, and a consistence varying between that of 
a volatile and fixed oil. It has the peculiar odour and taste of 
hydrosulphuric acid, though in a less degree. Its elements are so 
feebly united, that in the cold it gradually resolves itself into sul- 
phur and hydrosulphuric acid, and suffers the same change instantly 
by a heat considerably short of 212** P. Decomposition is also 
produced by the contact of most substances, especially of metals, 
metallic oxides, even the alkalies, and metallic sulphurets. ThtiS 
effervescence from the escape of hydrosulphuric acid gas is pro- 
duced by peroxide of manganese, silica, the alkaline earths in 
powder, and solutions of potassa or soda ; and the oxides of gold 
and silver are reduced by it with such energy, that they are ten- 
dered incandescent. It is remarkable that the substance which 
causes the decomposition often undergoes no chemical change' 
whatever. In these respects persulphuret of hydrogen bears a close 
analogy to peroxide of hydrogen ; and Thenard has traced other 
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P94P^^ of r^n^blaace. They are both, for instance, rendered 
Tc^QTf stajWe by the preswice of acids ; they both whiten the tongue 
a|id ski^ when applied to them, and they are both possessed of 
bleaching properties. 

^ TJie coflD^osition of persulphuret of hydrogen has been variously 
stated, According to Dalton it is a bisulphuret, consisting of two 
equivalents of sulphur and one of hydrogen ; and this view of its 
composition is corroborated by Sir John HerschePs analysis of per- 
sulphuret of calcium (Edin. Phil. Journal, i. 13). But Thenard 
found its constituents to vary ; whence it is probable that hydrogen 
is capable of uniting with sulphur in several proportions. 

Persulphuret of hydrogen is sometimes regarded as an acid ; and 
op this supposition it maybe termed hy draper sulphuric acid, 
and its salts hydroper sulphates. This view is founded on the 
hypothesis, that the solutions formed by boiling lime or an alkali 
with sulphur contain hyposulphite and hydropersulphate of lime, 
the hydrogen in the one acid and oxygen in the other being attri- 
buted to decomposed water, and not hyposulphite of lime and per- 
sulphuret of calcium, as I have supposed. The latter view is more 
consistent with the fact that persulphuret of hydrogen in its free 
state has no acidity, and exhibits no tendency to unite with alkalies. 

Its eq. is = 33-2 ; symb. H Sg. 



SECTION IV. 

HYDROGEN AND SELENIUM. — HYDROSELENIC ACID. 

Selenium, like sulphur, forms a gaseous compound with hydro- 
gen, which has distinct acid properties, and is termed seleniuretted 
hyirogen^ or hydroselenic acid. It is disengaged by the action 
of dilute sulphuric or hydrochloric acid on a protoseleniuret of any 
of th^ more oxidable metals, such as potassium, calcium, manga- 
nese, or iron, the explanation being the same as in the formation 
of hydrosulphuric acid from protosulphuret of iron. 

Hydroselenic acid gas is colourless. Its odour is at first similar 
to that of hydrosulphuric acid; but it afterwards irritates the 
lining membrane of the nose powerfully, excites catarrhal sym- 
ptoms, and destroys for some hours the sense of smelling. It is^ 
absorbed freely by water, forming a colourless solution, which, 
reddens litmus paper, and gives a brown stain to the skin. The 
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acid is soon decomposed by exposure to the atmosphere ; for the 
oxygen of the air unites with the hydrogen of the hydroselenic 
acid, and selenium, in the form of a red powder, subsides. It is 
decomposed by nitric acid and chlorine in the same manner as 
hydrosulphuric acid ; and, like that gas, it decomposes many metallic 
salts, the hydrogen of the acid combining with the oxygen of the 
oxide, while an insoluble seleniuret of the metal is generated. 

According to the analysis of Berzelius, hydroselenic acid consists 
of 89'6 parts or 1 eq. of selenium, and 1 part or 1 eq. of hydro- 
gen : so that its eq. is 40-6 ; its symb. HSe. 



SECTION V. 

COMPOUNDS OF HYDROGEN AND PHOSPHORUS. 

The existence of two compounds of phosphorus and hydrogen, 
the pliosphuretted and perphosphuretted hydrogen, have, until 
lately, been generally admitted by chemists. Their composition 
and properties have been closely studied by Dumas, BufF, Rose, 
and Graham (An. de Ch. ct Ph. xxxi. 113 ; xli. 220 ; and xli. 
5. Phil. Mag. v. 401.) The investigations of these chemists 
concurred in proving that phosphuretted hydrogen consists of 
81*4 parts or 2 eqs, of phosphorus, and 3 parts or 8 eqs. of hydro- 
gen ; while the discordancy in their analyses of perphosphuretted 
hydrogen caused great uncertainty respecting its constitution. 
Thus, although Dumas and Rose agree that 100 measures of per- 
phosphuretted hydrogen contains 150 measures of hydrogen, the 
former states that 1 part of hydrogen is united with 15'9 of phos- 
phorus, the latter with 10*52, while Thomson estimates the quan- 
tity at 12. The result of Rose would indicate that the two com- 
pounds of phosphorus and hydrogen are isomeric, being identical 
in composition, and differing in character only by the one being 
spontaneously inflammable, and the other not so. The accuracy of 
the analytical results of Rose have been recently established by 
the discoveries of Leverrier (An. de Ch. et Ph. Ix. 174), who 
has proved that perphosphuretted hydrogen is a mixture of phos- 
phuretted hydrogen with about -^ of its volume of a spontaneously 
inflammable compound, which he considers to be composed of 81*4 
parts or 2 eqs. of phosphorus, and 2 parts or 2 eqs. of hydrogen. 
In the same paper he establishes the existence of a compound 
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formed of 31-4 parts or 2 eqs. of phosphorus, and 1 part or 1 eq. 
of hydrogen. The compounds of phosphorus and hydrogen are 
therefore, 

Phos. Hyd. Equiv. Formuls. 

Solid Phosphuretted Hydrogen . 31-4 2 eq. + lleq. =i32-4 P^H 

Inflammable ditto . 3b4 2 eq. -f 2 2 eq. = 33-4 PjjHa 

Gaseous . ditto . 31'4 2 eq. -f 3 3 eq. = 34*4 P^H, 

Solid Phosphuretted Hydrogen, — When phosphurettedhydrogen 
gas, recently prepared by the action of quick-lime and phosphorus, is 
exposed in the moist state to a strong diflFused light, or to the direct 
rays of the sun, the solid phosphuretted hydrogen is deposited on 
the sides of the glass vessel. It is also left as an insoluble powder 
when phosphuret of potassium is dissolved in water. As obtained 
by the former process, it is a canary yellow flocculent matter, is inso- 
luble in water and alcohol ; but with the former, a slow oxidation 
takes place, and hydrogen is evolved. It is not altered by a tem- 
perature of 234^, but heated beyond that point it is decomposed. 
When brought into contact with chlorine and nitric acid, it suffers 
instantaneous decomposition. According to the analysis of Lever- 
rier, it is composed of 1 part or 1 eq. of hydrogen, and 81*4 parts 
or % eqs. of phosphorus. Hence its eq. is 32*4 ; symb. HPhg. 

PHOSPHURETTED HYDROGEN. 

Hist, and Prep. — Discovered by Davy in 1812. It may be 
prepared by several methods. Davy prepared it by heating hydra- 
ted phosphorous acid in a retort (page 814) ; and it is evolved from 
hydrous hypophosphorous acid by similar treatment, and by the 
action of strong hydrochloric acid on phosphuret of calcium accord- 
ing to Dumas. It may also be obtained, but in an impure state, 
by boiling phosphorus with a solution of potassa or milk of lime. 
Its production is in these cases dependent on the decomposition of 
water, the oxygen and hydrogen of which unites with different 
portions of phosphorus, and phosphoric acid, hypophosphorous acid 
and phosphuretted hydrogen are generated. 

Prop, — A transparent colourless gas, of an exceedingly offensive 
odour and bitter taste. It has no action on test paper. It is 
absorbed in small quantity by water, but freely by solutions of 
chloride of calcium or sulphate of the oxide of copper, by which 
means its purity may be ascertained. Like sulphuretted hydrogen, 
it frequently decomposes metallic salts, giving rise to the formation 
of water and a phosphuret of the metal. But if the metal have a 

2d 
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feeble affinity for oxygen, it is thrown down in the metallic state, 
and water and phosphoric acid are generated. This is the case, 
according to Rose, with solutions of gold and silver. 

It is a non-suppcMrter of combustion, and is very destructive to 
animal life. When pure, it may be mixed with air or oxygen gas 
at common temperatures without danger; but the mixture detonates 
with the electric spark, or at a temperature of 800°. Even dimi- 
nished pressure causes an explosion ; an effect which, in operating 
with a mercurial trough, is produced simply by raising the tube, so 
that the level of the mercury within may be a few inches higher 
than at the outside. Such is the property of the pure gas, as ob- 
tained from the hydrated phosphorous or hypophosphorous adds ; 
but if it be procured from the action of phosphorus on potassa or 
hydrate of lime, it is remarkable for being spontaneously inflamma- 
ble when mixed with air or oxygen gas. If the beak of the retort 
from which it issues is plunged under water, so that successive 
bubbles of the gas may arise through the liquid, a very beautiful 
appearance takes place. Each bubble, on reaching the surfece of 
the water, bursts into flame, and forms a ring of dense white smok^, 
which enlarges as it ascends, and retains its shape, if the air is 
tranquil, until it disappears. The wreath is formed by the pro- 
ducts of the combustion — ^metaphosphoric acid and water. If re- 
ceived in a vessel of oxygen gas, the entrance of each bubble is in- 
stantly followed by a strong concussion, and a flash of white light 
of extreme intensity. It is remarkable that whatever may be the 
excess of oxygen, traces of phosphorus always escape combustion ; 
but that if the gas be previously mixed with three times its volume 
of carbonic acid, and be then mixed with oxygen, the combustion 
is perfect. Dalton observed that it may be mixed with pure oxygen 
in a tube three-tenths of an inch in diameter without taking fire ; 
but that the mixture detonates when an electric spark is trans- 
mitted through it. 

In consequence of the combustibility of phosphuretted hydrogen, 
it would be hazardous to mix it in any quantity with air or oxygen 
gas in close vessels. For the same reason care is necessary in the. 
formation of this gas, lest, in mixing with the air of the apparatus^ 
an explosion ensue, and the vessel burst. The risk of such an 
accident is avoided, when phosphuret of calcium is used, by filling 
the flask or retort entirely with dilute acid ; and in either of the 
other processes, by causing the phosphuretted hydrogen to be formed 
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slowly at first, in order that the oxygen gas within the apparatus 
may be gradually consumed. A very simple method of averting 
all danger has been mentioned by Graham. It consists in moisten^ 
ing the interior of the retort with one or two drops of ether* the vapour 
of which, when mixed with atmospheric air even in small proportion, 
effectually prevents the combustion of phosphuretted hydrogen. The 
same effect may be produced by the addition of several other bodies. 
He also finds that a gas, which is not spontaneously inflammable,, 
acquires this property on being mixed with from y-^^ to Yo^^ of 
its volume of nitrous acid. According to Leverrier, it is very pro- 
bable that there exists a compound of phosphorus and hydrogen 
composed of 2> eqs. of each of its elements, and that this com- 
pound being spontaneously inflammable communicates that property 
to phosphuretted hydrogen gas. This opinion is grounded on the 
feet that when spontaneously inflammable phosphuretted hydrogen 
is kept for any length of time in a dark place it suffers no change, 
but if brought into a strong light solid phosphuretted hydrogen is 
deposited, and the residual gas is no longer spontaneously inflam- 
mable. Thus it appears that by the action of light P2H2 is de- 
composed, and P2H and P2H3 are formed. The result of his 
analysis supports this viev. 

Dumas ascertained the composition of phosphuretted hydrogen 
by introducing into a tube containing the gas a fragment of bichlo- 
ride of mercury, and applying heat so as to convert it into vapour. 
Mutual decomposition instantly took place : phosphuret of mer- 
cury and hydrochloric acid were generated ; and 100 measures of 
gas, thus decomposed, yielded 300 measures of hydrochloric acid 
gas, corresponding to 150 of hydrogen. The quantity of hydrogen 
contained in any given volume of phosphuretted hydrogen is thus 
found ; and the weight of the former deducted from that of the 
latter gives the quantity of combined phosphorus. This inference 
is conformable to the quantity of oxygen required for the combus- 
tion of phosphuretted hydrogen. Thomson affirms that when this 
gas is detonated with 1*5 of its volume of oxygen gas, the only 
products are water and phosphorous acid ; but that. when the oxy- 
gen is in considerable excess, two volumes disappear for one of the 
compound, and water and phosphoric acid are generated. Now the 
hydrogen contained in one volume of phosphuretted hydrogen is 
equal ta 1 '5, and it unites with 0'75 of oxygen. Hence if 0*76, 
or i, be deducted from 1*5 and from 2, the remainders, i and |, 
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lepiesent the relative quantity of oxygen whicli is requited to con« 
Tert the same weight of phosphorus into phosphorous and ph<Mh 
phoric acid. These numbers are obviously in the ratio of S to 5, 
as abready stated on the authority of Berzelius (page 812). The 
elements of the calculation have been confirmed both by Dumas 
and Buff. 

Agreeably to these views, and to the combining volume of phos- 
phorus (page 281)9 100 measures of phosphuretted hydrogen gas 
contain 150 of hydrogen gas and 25 of the vapour of phosphorus; 
and hence, as 

Grains. 

150 cubic inches of Hydrogen gas weigh 3*1977 

26 do. Phosphorous vapour weigh ..... 33*5425 

100 do. Phosphuretted Hydrogen gas should weigh . • 36*7403. 

The calculated density of a gas so constituted should be 1*1858, 
which is nearly a mean of the observations of Dumas and Rose. 

If the equivalent of phosphorus were 31*4 instead of 15*79 as is 
very far &om improbable, then the combining volume of phosphorous 
vapour would be 50 instead of 25 (page 231) ; and phosphuretted 
hydrogen would consist of 50 measures of phosphorous vapour and 
150 of hydrogen gas condensed into 100 measures, thus agreeing 
in composition with ammoniacal gas. 

Phosphuretted hydrogen has neither an acid nor alkaline reac- 
tion ; but in its chemical relations it inclines to alkalinity. Thus 
it unites with hydrobromic and hydriodic acids, forming definite 
compounds which crystallize in cubes; and Rose finds that it 
unites with metallic chlorides, forming compounds analogous to 
those which ammonia forms with metallic chlorides. 

Its eq. is 34*4 ; eq. Vol. = 100 ; symb. 2P + 3H, or PJ^^- 



SECTION VI. 

COMPOUNDS OF NITROG£N AND CARBON. 
BICARBURET OF NITROGEN, OR CYANOGEN GAS. 

HisL and Prep, — Discovered in 1815 by Gay-Lussac (An. de 
Ch. xcv.). It is prepared by heating carefully dried bicyanuret of 
mercury in a small glass retort by means of a spirit lamp. This 
cyanuret, which was formerly considered a compound of oxide qf 
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mercury and prussic acid, and was then called prussiate of mercury^ 
is composed of metallic mercury and cyanogen. On exposure to a 
low red heat it is resolved into its elements ; the cyanogen passes 
over in the form of gas, and the metallic mercury is sublimed. 
The retort, at the close of the process, contains a small residue of 
a dark brown matter like charcoal, but which Johnston has shown 
to consist of the same ingredients as the gas itself. 

Prop. — ^A colourless gas possessing a strong pungent and very 
peculiar odour. At the temperature of 45° and under a pressure of 
3*6 atmospheres, it is a limpid liquid, which Kemp finds to be a 
non-conductor of electricity, and which resumes the gaseous form 
when the pressure is removed. It extinguishes burning bodies ; 
but it is inflammable, and bums with a beautiful and characteristic 
purple flame. It can support a strong heat without decomposition. 
Water at the temperature of 60** absorbs 4*5 times, and alcohol 
28 times its volume of the gas. The aqueous solution reddens 
litmus paper ; but this effect is not to be ascribed to the gas itself, 
but to the presence of acids which are generated by the mutual 
decomposition of cyanogen and water. It appears from the obser- 
vations of Wohler that two of the products are cyanic acid and 
ammonia; which, uniting together, generate urea (An. de Ch. et 
Ph. xliii. 73). 

The composition of cyanogen may be determined by mixing 
that gas with a due proportion of oxygen, and inflaming the mixture 
by electricity. Gay-Lussac ascertained in this way that 100 mea- 
sures of cyanogen require 200 of oxygen for complete combustion, 
that no water is formed, and that the products are 200 measures of 
carbonic acid gas and 100 of nitrogen. Hence it follows that cyano- 
gen contains its own bulk of nitrogen, and twice its volume of the 
vapour of carbon. Consequently, since 

Grains. 
100 cubic inches of Niti'ogen gas weigh . . . . 30-166 

200 do. the vapour of Carbon weigh . . . 26*306 

100 cubic inches of Cyanogen gas must weigh • • . 56*472 

The ratio of its elements by weight is. 

Nitrogen . 30*166 . . 0*9727 . . 14*15 1 eq. 

Carbon . 26*306 . . 0-8430 (24-0-4215) 12*24 2 eq. 

The sp. gr. of a gas so constituted is 0*9727 + 0*843=1*8157, 
which is near 1*8064, the number found experimentally by Gay- 
Lussac. 

Cyanogen is a bicarburet of nitrogen^ the formula of which is 
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N + 2C, or NC, ; but its most convenient name is cyanogen, 
proposed by its discoverer,* which may be expressed shortly by Cy. 
Its eq. is 26*89. 

Paracyanogen, — ^An examination of the brown matter, left in 
the retort after the preparation of cyanogen gas, has been made by 
Johnston, who by burning it with chlorate of potassa found it to 
contain carbon and nitrogen united in the same ratio as. in cyanogen, 
gas. It is, in fact, a solid bicarburet of nitrogen, isomeric with 
cyanogen, but differing from it essentially in its. physical and 
chemical relations. On heating this solid bicarburet in the open 
air, several definite compounds of carbon and nitrogen may be suc- 
cessively obtained. After considerable heating, the ratio of carbon 
to nitrogen is as 3 to 2 ; again heated, the proportion becomes as 7 
to 6 ; and finally, after a still longer heat, the ratio of the equiva- 
lents is as 1 to 1. Thus the carbon is gradually burned a\iay, 
leaving the nitrogen fixed, until, a protocarburet of nitrogen is 
formed. On continuing the heat after this period, botk elements' 
fly off together, and the whole is dissipated. The solid bicarburet 
of cyanogen is also generated, when a saturated solution of cyanogea 
in alcohol is kept in contact with mercury ; and Johnston suggests 
that the carbonaceous residue after the charring of animal substances 
by heat, is probably in many cases a carburet of nitrogen^ and not 
pure charcoal as is commonly thought. (Brewster's Joum. N.S. 
i. 75.) Paracyanogen is soluble in sulphuric and nitric acids, and 
forms a compound with oxygen in which 1 eq. of oxygen is com- 
bined with 4 eqs. of nitrogen and 8 eqs. of carbon. Hence the eq. 
of paracyanogen is probably 105*56, and its symb. N4C8. 

Mellon, — Is obtained when sulphuret of cyanogen, melams, 
melamins, ammelins, or ammelids, is exposed to a red heat. It is 
a lemon yellow powder, is insoluble in water and alcohol, but is 
dissolved and decomposed by acids and alkalies. Exposed to a 
strong red heat, it is decomposed and forms 1 vol. of nitrogen and 
3 vols, of cyanogen gas. It is one of the compound radicals. Its 
eq. is 93-32 ; symb. N4Ce. (Lteb. An. ix. 5.) 

Cyanogen, though a compound body, has a remarkable tendency 
to combine with elementary substances. Thus it is capable of 
uniting with the simple non-metallic bodies, and evindes a strong 
attraction for metals. When potassium, for instance^ is heated in 

* From Kvet^at, blue, and yivvew, I generate ; because it is an essential ingredient 
oTPrussian blue. 
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cyanogen gas, such energetic action ensues, that the metal becomes 
incandescent, and cyanuret of potassium is generated. The affi- 
nity of cyanogen for metallic oxides, on the contrary, is compara- 
tively feeble. It enters into direct combination with a few alkaline 
baseiS only, and these compounds are by no means permanent. 
From these remarks it is apparent that cyanogen has no claim to be 
regarded as an acid, as it has none of the properties of a compound; 
It is, in fact, a compound radical of organic chemistry, and therefore 
its various combinations will be described in that part of the work. 

SECTION VII. 

COMPOUND OP PHOSPHORUS AND NITROGEN. 

Phosphuret of Nitrogen. — First described by Rose (Pogg. An. 
xxviii. 529). On saturating either of the chlorides of phosphorus 
with dry ammoniacal gas, a white solid mass is obtained, which on 
exposure to a strong red heat gives rise to the formation of phos- 
phuret of nitrogen, hydrochloric acid gas being at the same time 
evolved. It is also formed when the vapour of either chlorides of 
phosphorus are brought into contact with sal-ammonia heated 
nearly to its point of sublimation. 

It is a light snow-white powder ; is insoluble in water, and in, 
dilute acid, or alkaline solutions. It is not changed by a red heat 
in close vessels, or in an atmosphere of chlorine, or the vapour of 
sulphur ; but in hydrogen it is decomposed with the formation of 
ammoniacal gas. It is composed of 31*4 parts or 2 eqs. of phofr* 
phorus, and 14*15 parts or 1 eq. of nitrogen. 

Its eq. is 4555 ; symb. N + 2P, or NPg. 

SECTION VIII. 

COMPOUND OP SULPHUR, CARBON^ ETC. 

The compounds described in this section are thus constituted : 

Bisolph. of Carbon Carb. 6-12 + Sulp. 32*2 =38*32. C+2SCSa. 

Sulph. of Phosphoras Composition uncertain. 

Bisulph. of Selenium Selen. 39*6 + Sulp. 32-2=71'8. Se+2SSeS2. » 

Seleni. of Phosphorus Composition uncertain. 

Btsulphuret of Carbon, — Hist. — This substance was discovered 
accidentally in the year 1796 by Professor Lampadius, who regard- 
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ed it as a compound of sulphur and hydrogen, and termed it 
alcohol of sulphur. Clement and Desormes first declared it to be 
a sulphuret of carbon, and their statement was fully confirmed by 
the joint researches of Berzelius and the late Dr. Marcet (Phil. 
Trans. 1818). 

Prfp.— Bisulphuret of carbon may be obtained by heating in 
dose vessels native bisulphuret of iron (iron pyrites) with one-fifth 
of its weight of well-dried charcoal ; or by transmitting the vapour 
of sulphur over fragments of charcoal heated to redness in a tube 
of porcelain. The compound, as it is formed, should be conduct- 
ed by means of a glass tube into cold water, at the bottom of which 
it is collected. To firee it from moisture and adhering sulphur, it 
should be distilled at a low temperature in contact with chloride of 
calcium. 

Prop. — It is a transparent colourless liquid, which is remarkable 
for its high refractive power. Its sp. gr. is 1*272; of its vapour, 
S'668. It has an acid, pungent, and somewhat aromatic taste, and 
a very fetid odour. It is exceedingly volatile ; its vapour at 6S'5** 
supports a column of mercury 7*86 inches long; and at 110** it 
enters into brisk ebullition. From its great volatility it may be 
employed for producing intense cold. It is very inflammable, and 
kindles in the open air at a temperature scarcely exceeding that at 
which mercury boils. It bums with a pale blue flame. Admitted 
into a vessel of oxygen gas, so much vapour rises as to form an 
explosive mixture ; and when mixed in like manner with binoxide 
of nitrogen, it forms a combustible mixture, which is kindled on 
the approach of a lighted taper, and bums rapidly, with a large 
greenish- white flame of dazzling brilliancy. It dissolves readily in 
alcohol and ether, and is precipitated from the solution by water. 
It dissolves sulphur, phosphorus, and iodine, and the solution of 
the latter has a beautiful pink colour. Chlorine decomposes it, 
with formation of chloride of sulphur. The pure acids have little 
action upon it. By nitro-hydrochloric acid it is changed into a 
white crystalline substance like camphor, which Berzelius regards as 
a compound of the hydrochloric, carbonic, and sulphurous acids. 

Bisulphuret of carbon is a sulphur-acid, that is, unites with 
sulphur-bases to constitute compounds analogous to ordinary salts, 
and hence called sulphur-salts. Thus bisulphuret of carbon unites 
with sulphuret of potassium, forming a sulphur-salt, in which the 
fomcr acts as an acid and the latter as a base. The same com- 
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pound is formed by tbe action of bisulphuret of carbon on a soluticm 
of pure potassa : but in this case sulphuret of potassium is first 
generated by an interchange of elements with a portion of bisul- 
phuret of carbon, carbonic acid being produced at the same time. 

Thus 

2 eq. potassa & 1 eq.bisulph. carbon S 2 eq. sulphuret potassium and 1 eq. carb. acid. 
2(K-hO) C-h2S -g. 2(K+S) C-h20. 

If the bisulphuret of carbon is in sufficient quantity, carbonic acid 
gas is disengaged, and a neutral compound results. Such is inferred 
to be the nature of the change, agreeably to the researches of 
Berzelius on the sulphur-salts. 

Its eq. is 38-3^ ; eq. vol. = 100 ; symb. CSg. 

Sulphuret of Phosphorus, —When sulphur and fused phos- 
phorus are brought into contact they unite readily, but in propor- 
tions which have not been precisely determined; and they fre- 
quently react on each other with such violence as to cause an 
explosion. For this reason the experiment should be made with a 
quantity of phosphorus not exceeding 30 or 40 grains. The phos- 
phorus is placed in a glass tube, 5 or 6 inches long, and about half 
an inch wide ; and when by a gentle heat it is liquefied, the sul- 
phur is added in successive small portions. Heat is evolved at the 
moment of combination, and hydrosulphuric and phosphoric acids, 
owing to the presence of moisture, are generated. This compound 
may also be made by agitating flowers of sulphur with fused phos- 
phorus under water. The temperature should not exceed 160**; 
for otherwise hydrosulphuric and phosphoric acids would be evolved 
so freely as to prove dangerous, or at least to interfere with the 
success of the process. 

Sulphuret of phosphorus, from the nature of its elements, is 
highly combustible. It is much more fusible than phosphorus. 
A compound made by Faraday with about 5 parts of sulphur and 
7 of phosphorus, was quite fluid at 32% and did not solidify at 20** 
(Quarterly Journal, iv.), 

Bisulphuret of Selenium, — Sulphur and selenium mix together 
in all proportions by fusion, and therefore by such means it is diffi- 
cult to procure a definite compound ; but the bisulphuret of an 
orange colour was formed by Berzelius by precipitating a solution 
of selenious acid with hydrosulphuric acid. The sulphuret found 
by Stromeyer among the volcanic products of the Lipari isles is 
probably similar in composition. Bisulphuret of selenium fuses at 



410 COMPOUNDS OF 8BLBNIUlit:^ND PHOSPHdkuS. 

a heat a little above 212^, and at a higher tempaiature may be 
■ablimed without change. In the open air it takes fire when 
heated, and sulphurous, selenious, and selenic acids are the pro- 
ducts of its combustion. The alkalies and soluble metallic sul- 
phurets dissolve it. Nitric acid acts upon it with difficulty ; but 
the nitro-hydrochloric converts it into sulphuric and selenious 
adds. (An. of Phil, ziv.) 

Seleniuret of Phosphorus. — This compound may be prepared 
in the same manner as the sulphuret of phosphorus ; but as sele- 
nium is capable of uniting with phoi^horus in several proportions, 
the compound formed by fusing them together can hardly be sup- 
posed to be of a definite nature. This seleniuret is very fusible, 
sublimes without change in close vessels, and is inflammable. It 
decomposes water gradually when digested in it, giving rise to 
seleniuretted hydrogen, and one of the acids of phosphorus. 

Sulphuret ©/"jViYro^cn.— This compound was formed by Gregory 
by the reaction of chloride of sulphur on a solution of ammonia. 
It is a colourless powder, insoluble in water, but dissolves in alco- 
hol, and may thus be obtained in small crystals. It is character- 
ized by its alcoholic solution forming with potassa a fine purple 
colour, which disappears shortly after, when the solution is found 
to contain hyposulphurous acid and ammonia. It contains from 
98 to 98 per cent, of sulphur, and 7 to 8 of nitrogen. 
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